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PREFACE.

Two reasons have led the author to give this Manual its
American character: a desire to adapt it to the wants of Ame-
rican students, and a belief that, on account of a peculiar sim-
plicity and unity, American Geological History affords the best
basis for a text-book of the science. North America stands
alone in the ocean, a simple isolated specimen of a continent
(even South America lying to the eastward of its meridians),
and the laws of progress have been undisturbed by the conflicting
movements of other lands. The author has, therefore, written
out American Geology by itself, as a continuous history. Facts
have, however, been added from other continents so far as was
required to give completeness to the work and exhibit strongly
the comprehensiveness of its principles.

It has been the author’s aim to present, for study, not a series
of rocks with their dead fossils, but the successive phases in the
history of the earth,—its continents, seas, climates, life, and the
various operations in progress. Dynamical Geology, contrary
to the views of some geologists, has been placed after the strati-
graphical or historical portion. It will, however, be found that
through the latter the facts have been followed by statements
and explanations of principles; so that the student, on reaching
the pages treating of Geological Causes, will have already
learned much of what they contain.

As many readers may not be familiar with Zoology, a review
of the classification of animals, with many illustrations, has been

given before entering upon the Dynamical History of the ancient
life of the world.
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viii PREFACE.

The Manual has been adapted to two classes of students,—
the literary and scientific—by printing the details in finer
type. The convenience of a literary class has been further pro-
vided for by the addition of a brief synopsis of the work, in
which each head is made to present a subject, or question, for
special attention.

In the preparation of the American part of the volume, the
author has freely used the reports of the various geological
surveys of the country, the memoirs published in the different
scientific journals and transactions, and other works bearing on
the subject. He has also drawn from his own Memoirs and Ex-
ploring Expedition Reports, especially on the subjects of Coral
islands,—Volcanic islands,—the Formation of Valleys by the
action of rivers,—the General Features of the Globe, and their
origin,—American Geological history,—and the Temperature
of the Globe, as exhibited on the Physiographic Chart.

The illustrations of American Paleozoic life have been
largely copied from the Reports of Professor HALL. A few of
the Paleozoic figures, and many of later periods, are from
original drawings made by Mr. F. B. MEEK, to whose artistic
skill and pal®ontological science the work is, throughout, greatly
indebted. The drawings were nearly all made on the wood for
engraving by Mr. Meek; and the paleontological pages have had
the benefit of his revision. The name of the engraver, Lock-
woop SANFORD, of New Haven, also deserves mention in this
place.

In selecting figures of foreign fossils for the Manual, those
used in Lyell's and other standard English works have, with
few exceptions, been avoided, so that the student owning any
of those volumes will have additional illustrations of the
science. Many of the foreign figures are from the beautifully
illustrated “Paléontologie et Géologie” of Alcide d'Orbigny.

The author would make acknowledgments to his countrymen
for the readiness with which they have furnished aid, whenever
appealed to, and especially, for oft-repeated favors, to J. P.
LEestry, of Philadelphia; J. S. NEWBERRY, of Cleveland, Ohio;
Arvorp Guyor, of Princeton, N.J.; L. LESQUEREUX, of Co-
lumbus, Ohio; E. Birrinegs, of Montreal, Canada; E. JEWETT,



PREFACE. ix

of Albany, N.Y.; and W. C. Minor and FrRANK H. BraDLEY,
of New Haven. Mr. Bradley has given freely his constant as-
sistance during the progress of the work through the press.

The author has endeavored to bring the volume into as small
a compass as is consistent with a proper exhibition of the
science; and if some find its pages too numerous, he feels con-
fident that quite as many would prefer greater fulness. The
details introduced have seemed to be necessary in order that the
march of events might be appreciated.

Geology is rapidly taking its place as an introduction to the
higher history of man. If the author has sought to exalt a
favorite science, it has been with the desire that man—in whom
geological history had its consummation, the prophecies of the
successive ages their fulfilment—might better comprehend his
own nobility and the true purpose of his existence.

NEw Haven, Cr, November 1, 1862.



TO INSTRUCTORS.

TrE *Brief Synopsis” of Appendix I. is intended to facilitate
the use of this Manual as a recitation-book. Lectures cannot well
be wholly dispensed with in the instruction of Natural or Physical
Science ; but, with a work so full of illustrations as this, they may,
with great advantage, be altogether subordinate to recitations, espe-
cially if the latter are accompanied with an exhibition of speci-
mens. Through the use of fine type for the details of the Science,
the Manual is made to combine in one a small and a large book.
The topics presented in the ‘“Synopsis” are, with few exceptions,
those of the former; and they are so prepared that each suggests
a question. A cursory perusal of the details in the smaller type is,
however, to be advised, as it will aid the student in acquiring precise
ideas. Even in scientific schools it may be best that the student
first go through the Manual with the Synopsis, and then, in a second
course, take up the Palxontology and Dynamics with greater
thoroughness.

Every Academy or other Institution teaching the Science should
have, at least, a small collection of specimens. Even twenty-five
dollars will purchase one (of Louis Seemann, Paris, 45 Rue St. André-
des-Arts, or of Dr. A. Krantz, at Bonn on the Rhine) containing
specimens of nearly all the mineral species mentioned in the
Manual, and of the more common kinds of rocks, and another
twenty-five dollars, a collection of fossils that would be of great
service.
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ADDENDA AND CORRIGENDA.

Page 674, 6th line from top, for brought forward, read applied to glaciers.
“ 10th line from top, after seconds, add if moist.
In Index, under Bear, for 432 read 422.

“ ¢ Beaumont, for 360 read 229.

« «  Climate, 2d entry, for changes read ages.

«“ ¢  Cyathocrinus ornatissimus, for 286 read 289.
«“ “  Earth’s development, for 759 read 739.

“« ¢ Elephas Americanus. for 56 read 561.

¢« ¢  Erosion (last entry), for 591 read 569.

“ ¢« Bystem of mountains, for 360 read 229.

Nore.—The authorities mentioned in Appendix J, pp. 722-769, that are not the original sources
of the figures cited, are Vogt, Naumann, Bronn, Pictet, and, in part, &’ Orbigny and Murchison.
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INTRODUCTION.

1. Kingdoms of nature.—SCIENCE, in her survey of the earth,
has recognized three kingdoms of nature,—the animal, the vege-
table, and the inorganic; or, naming them from the forms charac-
teristic of each, the ANIMAL-KINGDOM, the pPLANT-KINGDOM, and the
CRYSTAL-KINGDOM. An individual in either kingdom has its sys-
tematic mode of formation or growth.

The plant or animal, (1) endowed with life, (2) commences from
a germ, (3) grows by means of imbibed nutriment, and (4) passes
through a series of changes and gradual development to the adult
state, when (5) it evolves new seeds or germs, and (6) afterward
continues on to death and dissolution.

It has, hence, its cycle of growth and reproduction, and cycle
follows cycle in indefinite continuance.

The crystal is (1) a lifeless object, and has a simpler history: it
(2) begins in a nucleal molecule or particle; (3) it enlarges by
external addition or accretion alone; and (4) there is, hence, no
proper development, as the crystal is perfect, however minute;
(5) it ends in simply existing, and not in reproducing; and, (6)
being lifeless, there is no proper death or necessary dissolution.

Such are the individualities in the great kingdoms of nature
displayed upon the earth.

2. But the earth also, according to Geology, has been brought to
its present condition through a series of changes or progressive
formations, and from a state as utterly featureless as a germ.
Moreover, like any plant or animal, it has its special systems of
interior and exterior structure, and of interior and exterior condi-
tions, movements, and changes; and, although Infinite Mind has
guided all events towards the great end,—a world for mind,—the
earth has, under this guidance and appointed law, passed through
a regular course of history or growth. Having, therefore, as a
sphere, its comprehensive system of growth, it is a unit or indivi-
duality, not, indeed, in either of the three kingdoms of nature
which have been mentioned, but in a higher,—a WorLp-Kincoon.

2 1



2 INTRODUCTION.

Every sphere in space must have had a related system of growth,
and all are, in fact, individualities in this Kingdom of Worlds.

Geology treats of the earth in this grand relation. It is as
much removed from Mineralogy as from Botany and Zoology. It
uses all these departments ; for the species under them are the
objects which make up the earth and enter into geological his-
tory. The science of minerals is more immediately important to
the geologist, because aggregations of minerals constitute rocks,
or the plastic material in which the records of the past were made.

3. The earth, regarded as such an individuality in a world-king-
dom, has not only its comprehensive system of growth, in which
strata have been added to strata, continents and seas defined,
tnountains reared, and valleys, rivers, and plains formed, all in
orderly plan, but also a system of currents in its oceans and atmo-
sphere,—the earth’s circulating-system; its equally world-wide
system in the distribution of heat, light, moisture, and magnetism,
plants and animals ; its system of secular variations (daily, annual,
ete.) in its climate and all meteorological phenomena. In these
characteristics the sphere before us is an individual, as much
50 as a crystal or a tree; and, to arrive at any correct views
on these subjects, the world must be regarded in this capacity.
The distribution of man and nations, and of all productions
that pertain to man’s welfare, comes in under the same grand
relation ; for in helping to carry forward man’s progress as a race
the sphere is working out its final purpose.

There are, therefore,

4. Three departments of sclence arising out of this indi-
vidual capacity of the earth.

I. Georogy, which treats of (1) the earth’s structure, and (2) its
system of development,—the last including (1) its progress in
rocks, lands, seas, mountains, etc.; (2) its progress in all physical
conditions, as heat, moisture, etc.; (3) its progress in life, or its
vegetable and animal tribes.

I1I. Puvsiocrapay, which begins where Geology ends,—that is,
with the adult or finished earth,—and treats (1) of the earth’s final
surface-arrangements (as to its features, climates, magnetism, life,
etc.), and (2) its system of physical movements or changes (as
atmospheric and oceanic currents, and other secular variations in
heat, moisture, magnetism, etc.).

III. THE EARTH WITH REFERENCE T0o MAN (including ordinary Geo-
graphy): (1) the distribution of races or nations, and of all pro-
ductions or conditions bearing on the welfare of man or nations;
and (2) the progressive changes of races and nations.
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The first considers the structure and growth of the earth; the
second, its features and world-wide activities in its finished state ;
the third, the fulfilment of its purpose in man, for whose pupil-
age it was made.

5. Relation of the earth to the universe.—While recognizing the
earth as a sphere in a world-kingdom, it is also important to observe
that the earth holds a very subordinate position in the system of
the heavens. It is one of the smaller satellites of the sun,—its size
about 1-1400,000th that of the sun. And the planetary system to
which it belongs, although 3,000,000,000 of miles in radius, is but
one among myriads, the nearest star 7000 times farther off than
Neptune. Thus it appears that the earth is a very little object in
the universe. Hence we naturally conclude that the earth is but
a dependent part of the solar system; that as a satellite of the
sun, in conjunction with other planets, it could no more have
existed before the sun, or our planetary system before the uni-
verse of which it is a part, than the hand before the body which
it obediently attends.

Although thus diminutive, the laws of the earth are the laws of
the universe. One of the fundamental laws of matter is gravita-
tion; and this we trace not only through our planetery system,
but among the fixed stars, and thus Anow that one law pervades
the universe.

The rays of light which come in from the remote limits of space
are a visible declaration of unity; for this light depends on mole-
cular vibrations,—that is, the ultimate constitution and mode of
action of matter; and by the identity of its principles or laws,
whatever its source, it proves the essential identity of the molecules
of matter.

Meteoric stones are specimens of celestial bodies occasionally
sent to us from the heavens. They exemplify the same chemical
and crystallographic laws as the rocks of the earth, and have
afforded no new element or principle of any kind.

The moon presents to the telescope a surface covered with the
craters of volcanoes, having forms that are well illustrated by some
of the earth’s volcanoes, although of immense size. The principles
exemplified on the earth are but repeated in her satellite.

6. Thus, from gravitation, light, meteorites, and the earth’s satel-
lite, we learn that there is oneness of law through space. The
elements may differ in different systems, but it is a difference such
as exists among known elements, and could give us no new funda-
mental laws. New crystalline forms might be found in the depths
of space, but the laws of crystallography would be the same that
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are displayed before us among the crystals of the earth. A text-
book on Crystallography, Physics, or Celestial Mechanics, printed
in our printing-offices, would serve for the universe. The universe,
if open throughout to our explorations, would vastly expand our
knowledge, and science might have a more beautiful superstruct-
ure, but its basement-laws would be the same.

The earth, therefore, although but an atom in immensity, is
immensity itself in its revelations of truth; and science, though
gathered from one small sphere, is the deciphered law of all
spheres,

It is well to have the mind deeply imbued with this thought
before entering upon the study of the earth. It gives grandeur
to science and dignity to man, and will help the geologist to
apprehend the loftier characteristics of the last of the geological
ages.

7. Special aim of geology, and method of geological reasoning.
—Geology is sometimes defined as the science of the structure of
the earth. But the ideas of structure and origin of structure are
inseparably connected, and in all geological investigations they go
together. Geology had its very beginning and essence in the idea
that rocks were made through secondary causes ; and its great aim
has ever been to study structure in order to comprehend the
earth’s history. The science, therefore, is a historical science.
It finds strata of sandstone, clay-rock, and limestone, lying
above one another in many successions; and, observing them in
their order, it assumes, not only that the sandstones were made
of sand by some slow process, clayey rocks of clay, and so on, but
that the strata were successively formed ; that, therefore, they belong
to successive periods in the earth’s past; that, consequently, the
lowest beds in a series were the ecarliest beds. It hence infers,
further, that each rock indicates some facts respecting the condi-
tion of the sea or land at the time it was formed, one condition
originating sand deposits, another clay deposits, another lime,—and,
if the beds extend over thousands of square miles, that the several
conditions prevailed uniformly to this same extent at least. The
rocks are thus regarded as records of successive events in the
history,—indeed, as actual historical records; and every new fact
ascertained by a close study of their structure, be it but the occur-
rence of a pebble, or a seam of coal, or a bed of ore, or a crack, or
any marking whatever, is an addition to the records, to be inter-
preted by careful study.

Thus every rock marks an epoch in the history; and groups of
rocks, periods ; and still larger groups, ages; and so the ages which
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reach through geological time are represented in order by the
rocks .that extend from the lowest to the uppermost of the
series.

8. If, now, the great beds of rock, instead of lying in even hori-
zontal layers, are much folded up, or lie inclined at various angles,
or are broken and dislocated through hundreds or thousands
of feet in depth, or are uplifted into mountain-elevations, they
bear record of still other events in the great history; and should
the geologist, by careful study, learn how the great disturbance or
fracture was produced, or succeed in locating its time of occur-
rence among the epochs registered in the rocks, he would have
interpreted the record, and added not only a fact to the history,
but also its full explanation. The history is, hence, a history of
the upturnings of the earth’s crust, as well as of its more quiet
rock-making.

If, in addition, a fossil shell, or coral, or bone, or leaf, is found in
one of the beds, it is a relic of some species that lived when that
rock was forming; it belongs to that epoch in the world repre-
sented by the particular rock containing it, and tells of the life
of that epoch; and if numbers of such organic remains occur
together, they enable us to people the seas or land, to our imagi-
nation, with the very life that belonged to the ancient epoch.

Moreover, as such fossils are common in a large number of the
strata, from the lowest containing signs of life to the top,—that is,
from the oldest beds to the most recent,—by studying out the
characters of these remains in each, we are enabled to restore, to
our minds, to some extent, the population of all the epochs as
they follow one another in the long series. The strata are thus
not simply records of moving seas, sands, clays, and pebbles, and
disturbed or uplifted strata, but also of the living beings that
have in succession occupied the land or waters. The history is a
history of the life of the globe, as well as of its rock-formations ;
and the life-history is the great topic of Geology: it adds tenfold
interest to the other records of the dead rocks.

These examples are sufficient to explain the basis and general
bearing of geological history.

The method of interpreting the records rests upon the simple principle that rocks
were made as they are now made, and that life lived in olden time as it now lives;
and, further, the mind is forced into receiving the conclusions arrived at by its own
laws of action.

For example, we go to the sea-shore, and observe the sands thrown up by the
waves ; note how the wash of the waves brings in layer upon layer, though with
many irregularities; how the progressing waters raise ripples over tke surface,
which the next wave buries beneath other sands; how such sand-beds gradually
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increase in extent; how they are often continued out scores of miles beneath the
sea, as the bottom of the shallow shore-waters; and that these submerged beds are
formed through constant depositions from the ever-moving waters. Then we go
among the hard rocks, and find strata made of sand in irregular layers, much like
those of the beach; and on opening some of the layers we discover ripple-marks
covering the surface, as distinct and regular as if just made by the waves; or, in
another place, we find the strata made up of regular layers of sand and clay alter-
nating, such as form from the gradual settling of the muddy material emptied into
the ocean by rivers,—or, in another place, layers of rounded, water-worn pebbles,
such as occur beneath rapidly-moving waters, whether of waves or rivers. We
remark that these hard rocks differ from the loose sand, clay, or pebbly deposits
simply in being consolidated into a rock. Then, in other places, we discover these
sand-deposits in all states of consolidation, from the soft, movable sand,
through a half-compacted condition, to the gritty sandstone; and, further, we
discover, perhaps, the very means of this consolidation, and see it in its pro-
gress, making rock out of sand or clay. By such steps as these the mind is
borne along irresistibly to the conclusion that rocks were slowly made through
commonplace operations.

We may see, on another sea-shore, extensive beds of limestone forming from
shells and corals, having as firm a texture as any marble; we may watch the
process of accumulation from the growth of corals and the wear of the waves,
and find the remains of corals and shells in the compact bed. If we then meet
with a limestone over the continent containing remains of corals, or shells, no
firmer, not different in composition, but every way like the coral reef-rock, or
the shell-rock of other regions, the mind, if allowed to act at all, will infer
that the ancient limestone was as much a slowly-formed rock, made of corals,
or shells, as the limestone of coral seas.

In a voleanic district, we witness the melted rock poured out in wide-spread
layers and cooling into compact rock, and learn, after a little observation, that
just such layers piled upon one another make the great volcanic mountain,
although it may be 10,000 feet in height. We remark, further, that the frac-
tured crust in those regions has often let out the lava to spread the surface
with rock, even to great distances from the crater.

Should we, after this, discover essentially the same kind of rock in wide-
spread beds, and trace out the fractures filled with it, leading downward
through the subjacent strata, as if to some seat of fires, and discover marks of
fire in the baking of the underlying beds, we use our reason in the only legiti-
mate way when we conclude that these beds were thrown out melted, even
though they may be far from any volcanic centre.

If we see skeletons buried in sand and clay that we do not doubt are real
skeletons of familiar animals, and then in a bed of rock discover other skele-
tons, but of unfamiliar animals, yet with every bone a true bone in form, tex-
ture, and composition, and every joint and limb modelled according to the plan
in known species, we pass, by an unavoidable step, to the belief that the last is
a relic of an animal as well as the former, and that it lies in its burial-place,
although that burial-place be now the solid rock.

These few examples elucidate the mode of reasoning upon which geological
deductions are based.
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9. In using the present in order to reveal the past, we assume that
the forces in the world are essentially the same through all time;
for these forces are based on the very nature of matter, and could
not have changed. The ocean has.always had its waves, and those
waves have ever acted in the same manner. Running water on
the land has ever had the same power of wear and transportation
and mathematical value to its force. The laws of chemistry, heat,
electricity, and mechanics have been the same through time.
The plan of living structures has been fundamentally one, for the
whole series belongs to one system, as much almost as the parts
of an animal to the one body; and the relations of life to light
and heat, and to the atmosphere, have ever been the same as now.

The laws of the existing world, if perfectly known, are, consequently, a key
to the past history. But this perfect knowledge implies a complete comprehen-
sion of nature in all her departments,—the departments of chemistry, physics,
mechanics, physical geography, and each of the natural sciences. Thus fur-
nished, we may scan the rocks with reference to the past ages, and feel confident
that the truth will declare itself to the truth-loving mind.

As this extensive range of learning is not within the grasp of a single person,
special departments have been carried forward by different individuals, each in
his own line of research; for Geology as it stands is the combined result of
the labors of many workers. But the system is now so far perfected that the
ordinary mind may readily understand the great principles of the science, and
comprehend the unity of plan in the earth’s genesis.

SUBDIVISIONS OF GEOLOGY.

10. (1.) Like a plant or animal, the earth has its systematic external
Jorm and features, which should be reviewed.

(2.) Next, there are the constituents of the structure to be considered:
—first, their nature ; secondly, their general arrangement.

(3.) Next, the successive stages in the formation of the structure,
and the concurrent steps in the progress of life, through past
time.

(4.) Next, the general plan or laws of ‘progress in the earth and
its life. »

(5.) Finally, there are the active forces and mechanical agencies
which were the means of physical progress,—spreading out and
consolidating strata, raising mountains, ejecting lavas, wearing out
valleys, bearing the material of the heights to the plains and
oceans, enlarging the oceans, destroying life, and performing an
efficient part in evolving the earth’s structures and features.

These topics lead to the following subdivisions of the science :—

I. PavsrocrarHIC GEOLOGY,—a general survey of the earth’s sur-
face-features.
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II. LirmorocicaL GEeorogy,—a description of the rock-material
of the globe, its elements, rocks, and arrangement.

ITI. HisroricaL GeoLogy,—an account of the rocks in the order
of their formation and the contemporaneous events in geological
history, including both stratigraphical and palsontological geology ;
and closing with a review of the system or laws of progress in the
globe and its kingdoms of life.

IV. Dynamican GeoLocy,—an account of the agencies or forces
that have produced geological changes, and of the laws and
methods of their action.
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PHYSIOGRAPHIC GEOLOGY.

11. Tar systematic arrangement in the earth’s features is every
way as marked as that of any organic species; and this system
over the exterior is an expression of the laws of structure beneath.
The oceanic depressions or basins, with their ranges of islands, and
the continental plains and elevations, all in orderly plan, are the
ultimate results of the whole line of progress of the earth; and, by
their very comprehensiveness as the earth’s great feature-marks,
they indicate the profoundest and most comprehensive movements
in the forming sphere, just as the exterior configuration of an
animal indicates its interior history. This subject is therefore an
important one to the geologist, although its facts come also within
the domain of physical geography. They lie at the top in geology
as its last results, and, thus situated, they constitute necessarily
the arena of the physical geographer.

The following are the divisions in this department:—

1. The earth’s general contour and surface-subdivisions.

2. System in the reliefs or surface-forms of the continental lands.

3. System in the courses of the earth’s feature-lines.

These topics are followed by a brief review of,—

4. The system of oceanic movements and temperature.

5. The system of atmospheric movements and temperature.

6. The general law for the distribution of forest-regions, prairies,
and deserts.

1. THE EARTH’S GENERAL CONTOUR AND SURFACE-
SUBDIVISIONS.

12. The subjects under this head are—the earth’s form; the
distribution of land and water ; the depth and true outlines of the
9
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oceanic depression; the subdivision of the land into continents;
the height and kinds of surface of the continents.

13. (1.) Spheroidal form.—The earth has the form of a sphere
with flattened poles, the distance from the centre to the pole being
about 1-300th (accurately, 5§3.5) shorter than from the centre to
the equator. The earth’s equatorial radius being 3963 miles, the
polar is about 13} miles less (exactly 13.2465 miles).

This is a fact of prime importance in geology, and an appropriate introduction
td the science, inasmuch as it is the most obvious proof that the earth has a
history, or has been in course of progress under secondary causes; for this flat-
tening is in amount just that which the revolution at its actual rate would pro-
duce in a liquid globe having the size and density of the earth.

14. (2.) General subdivisions of the surface.— Proportion of
Land and Water—In the surface of the sphere there are about 8
parts of water to 3 of dry land, or, more exactly, 275 to 100 = 5%: 3%
The proportion of land north of the equator is nearly three times as
great as that south, The zone containing the largest proportion
of land is the north-temperate, the area equalling that of the
water ; while it is only one-third that of the water in the torrid
zone, and hardly one-tenth (2-21ths) in the south-temperate.

Out of the 197,000,000 of square miles which make up the entire surface of the
globe, 144,500,000 are water, and 52,500,000 land. In the northern hemisphere
the land covers 38,900,000 square miles, in the southern 13,600,000 square miles.

15. Land in one hemisphere.—If a globe be cut through the centre
by a plane intersecting the meridian of 175°E. at the parallel
of 40° N., one of the hemispheres thus made, the northern, will

Fig. 1.

1570 150
contain nearly all the land of the globe, and the other be almost
wholly water. The annexed map represents the two hemispheres.
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The pole of the land-hemisphere in this map is in the western
half of the British Channel; and if this part, on a common globe,
be placed in the zenith, under the brass meridian, the horizon-
circle will then mark the line of division between the two hemi-
spheres. The portions of land in the water-hemisphere are the
extremity of South America below 25° 8., and Australia, together
with the islands of the East Indies, Pacific, and the Antarctic.
London and Paris are situated very near the centre of the land-
hemisphere.

16. General arrangement of the Oceans and Continents.*—Oceans and
continents are the grander divisions of the earth’s surface. But,
while the continents are separate areas, the oceans occupy one
continuous basin or channel. The waters surround the Antarctic
and stretch north in three prolongations,—the Atlantic, the Pacific,
and the Indian Oceans. The land is gathered about the Arctic, and
reaches south in two great continental masses, the occidental and
oriental; but the latter, through Africa and Australia, has two
southern prolongations, making in all three, corresponding to the
three oceans. Thus the continents and oceans interlock, the former
narrowing southward, the latter northward.

The Atlantic is the narrow ocean, its average breadth being 2800
miles. The Pacific is the broad ocean, being 6000 miles across, or
more than twice the breadth of the Atlantic. The occident, or
America, is the narrow continent, about 2200 miles in average
breadth ; the orient, the broad continent, 6000 miles. Each con-
tinent has, therefore, as regards size, its representative ocean, This
great difference of magnitude is an important fact in its bearing on
the earth’s geological history. The Pacific Ocean, reckoning only
to 62° 8., has an area of 62,000,000 square miles, or nine and a
half millions beyond the area of all the continents and islands.

# In illustration of this part of the work, the reader is referred to the map at
the close of the volume. It is a Mercator’s chart of the world, which, while it
exaggerates the polar regions, has the great advantage of giving correctly all
courses, that is, the bearings of places and coasts. The trends of lines (“trend”
means merely course or bearing) admit, therefore, of direct comparison upon
such a chart. It is important in addition that the globe should be carefully
studied in connection, in order to correct misapprehensions as to distances ir
the higher latitudes, and appreciate the convergences between lines that have
the same compass-course.

The low lands of the continents on this chart, or those below 800 feet in ele-
vation above the sea, are distinguished from the higher lands and plateaus by a
lighter shading, and the axes of the mountain-ranges are indicated by black
lines. The oceans are crossed by isothermal lines, which are explained beyond.
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17. (3.) Oceanic depression.—(a.) Outline.—The oceanic depres-
sion is a vast sunken area, varying in depth from 1000 or less to,
probably, 50,000 feet.

The true outline of the depression is not necessarily identical
with the present line of coast. About the continents there is often
a region of shallow depths which is only the submerged border of
the continent. On the North American coast off New Jersey this
submerged border extends out for 80 miles, with a depth, at this
distance, of only 600 feet; and from this line the ocean-basin dips
off at a steep angle. The true outline of the basin on this and
other coasts is shown by the dotted line on the chart. The slope
for the 80 miles is only 1 foot in 700.

Great Britain is, on the same principle, a part of the European continent: the
separating waters are under 600 feet in depth; and a large part of the German
Ocean is only 93 feet. The true oceanic outline extends from Southern Norway
around by the north of Scotland and southward into the Bay of Biscay. (See
the dotted line on the chart.) In a similar manner, the East India Islands,
down to a line running by the north of New Guinea and Timor, are a part of
Asia, the depth of the seas intermediate seldom exceeding 300 feet; while south
of the line mentioned the islands are but fragments of Australia, the water being
no deeper than over the submerged Asiatic plateau.®

(8.) Depth of the Ocean.—The depth of the ocean in its different
parts has not been ascertained. Some deep soundings have been
made, and a few of them claim to have reached to a depth of
twenty-five to forty-five thousand feet; but the methods of sound-
ing employed have beén shown to be unsatisfactory, and the results,
therefore, are valueless.t Across from Ireland to Newfoundland,
the depth has been found to vary between 10,000 and 15,000 feet.
The Gulf of Mexico is known to be from 4000 to 5000 feet in depth.
According to calculations on the data furnished by an earthquake-
wave which, in 1855, crossed from Simoda, in Japan, to San Fran-
cisco, the ocean in that line has an average depth of about 13,000
feet. The depth in the northern part of the Pacific and Atlantic
may be, therefore, nearly the same. South of this in each it is pro-
bably very much greater.

The mean depth of the oceanic depression is, by estimate,
between 15,000 and 20,000 feet.

(e.) Character of the Oceanic Basins.—To appreciate the oceanic basins

* Earl, Jour. Indian Arch. [2], ii. 278, and Am. Jour. Sci. [2], xxV. 442,

T Some of the results are as follow: — A sounding by Capt. Ross, 900 m. S.W.
of St. Helena, 27,600 feet without bottom ; by Capt. Denham, in 36° 49’ 8., 37°
6’ W., 46,236 feet (7706 fathoms) found bottom.
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we must conceive of the earth without its water,—the depressed
areas, thousands of miles across, sunk ten to perhaps fifty thousand
feet below the bordering continental regions, and covering five-
eighths of the whole surface. The continents, in such a condition,
would stand as elevated plateaus encircled by one great uneven
basin. If the earth had been left thus with but shallow lakes
about the bottom, there would have been an ascent of five miles or
more from the Atlantic vale to the lower part of the continental
plateau, and one to five miles beyond this to scale the summits of
the loftier mountains of the globe. The continents would have been
wholly in the regions of the upper cold, all alpine and barren. This
uneven surface of the Atlantic and Pacific has been levelled off to a
plain by the waters of the ocean, the heights of the world reduced
from ten or fifteen miles to five, and the intolerable climates of such
extremes of surface reduced to a genial condition, rendering nearly
the whole land habitable, and giving moisture for clouds, rivers,
and plants; and, by the same means, distant points have been
bound together by a common highway into one arena of history.

18. (4.) General view of the land.—(a.) Position of the land.
—The land of the globe has been stated to lie with its mass to the
north, about the Arctic, and to narrow as it extends southward
into the waters of the Southern hemisphere. The mean southern
limit of the continental lands is the parallel of 45°, or just half-way
from the equator to the south pole.

South America reaches only to 56° S. (Cape Horn being in 55° 58’), which is
the latitude of Edinburgh or northern Labrador; Africa to 34° 51’ (Cape of
Good Hope), nearly the latitude of the southern boundary of Tennessee, and 60
miles nearer the equator than Gibraltar; Tasmania (Van Diemen’s Land) to
43%° 8., nearly the latitude of Boston and northern Portugal.

19. (8.) Distribution.—The independent continental areas are three
in number :—America, one; Europe, Asia, and Africa, a second;
Australia, the third. Through the East India Islands Australia is
approximately connected with Asia, nearly as South America with
North America through the West Indies; and, regarding it as
thus united, the great masses of land will be but two:—The Ame-
rican, or Occidental, and Europe, Asia, Africa, and Australia, or the
Oriental.

These great masses of land are divided across from east to west
by seas or archipelagoes. The West Indies, Mediterranean, Red
Sea, and the East Indies, with the connecting oceans, make a nearly
complete band of water around the globe, as Professor Guyot ob-
serves, subdividing the Occident and Orient into north and south
divisions. Cutting across 37 miles at the Straits of Darien, where
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at the lowest pass the greatest height above mean tide-level does
not exceed 506 feet, and through 70 miles at the Isthmus of Suez,
where the summit-level is only 40 feet above the sea, the girth of
water would be unbroken.

America is thus divided into North and South America. The
oriental lands have one great area on the north, comprising Europe
and Asia combined, and on the south (1) Africa, separated from
Europe by the Mediterranean, and (2) Australia, separated from
Asia by the East India seas. Thus the narrow Occident has one
southern prolongation, and the wide Orient two. It is to be noted
that the East and West Indies are very similar in form and posi-
tion (see chart); and also that South America is situated with
reference to North America very nearly as Australia is to Asia.

The Orient thus corresponds to two Occidents in which the
northern areas coalesce,—Europe and Africa one, Asia and Aus-
tralia the other; so that there are really three doublets in the
system of continental lands. Moreover, Europe and Asia have
a semi-marine region between them ; for the Caspian and Aral are
salt seas, and they lie in a depression of the continent of great
extent,—the Aral being near the level of the ocean, and the Cas-
pian 80 to 100 feet below it.

The islands adjoining the continents are properly portions of
the continental regions. Besides the examples mentioned on page
12, Japan and the ranges of islands of eastern Asia are strictly a
part of Asia, for they conform in direction to the Asiatic system
of heights, and are united to the main by shallow waters. Van-
couver’s Island and others north are similarly a part of North
America; Chiloe, and the islands south to Cape Horn, a part of
South America; and so in other cases.

The body of the continent of Africa lies in those latitudes which
‘are almost wholly water in the American section, its western ex-
pansion corresponding to the indentation of the Caribbean Sea and
the Gulf of Mexico.

20. (c.) Oceanic islands.—The islands of mid-ocean are in ranges,
and are properly the summits of submerged mountain-chains. The
Atlantic and Indian Oceans are mostly free from them. The Pacific
contains about 675, which have, however, an aggregate area of only
80,000 square miles. Excluding New Caledonia and some other
large islands in its southeastern part, the remaining 600 islands
have an area of but 40,000 square miles, or less than that of New
York State. The islands stretch off in a train from the Asiatic
coast through the tropics in an east south-east direction, and, soon
crossing the equator, lie mostly in the southern tropic. The train
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extends to Easter Island and Sala-y-Gomesz, in longitudes 110° and
105° W., a distance of 8000 miles. The greatest depth of the ocean
should be looked for outside of the limits of this train.

21. (d.) Mean elevation.—The mean height of the continents above
the sea, exclusive of Australia and Africa, according to an estimate
by Humboldt, is about 1000 feet ; and this is probably not far from
the truth for all the land of the globe. As the area of the ocean and
land is as 8 to 3, if all this land above the present water-level were
transferred into the oceans, it would fill them 3-8ths of 1000 or 375
feet ; and, taking the average depth at 15,000 feet, it would take 40
times this amount to fill the oceanic depressions. Moreover,
increasing the average depth of the oceanic basin 375 feet would
expose approximately 1000 feet in height of land, as it would draw
off the water corresponding to this result.

The mean height of the several continents has been stated as
follows :—Europe, 670 feet ; Asia, 1150 ; North America, 748 ; South
America, 1132; all America, 930; Europe and Asia, 1010; Africa,
probably about 1600 feet ; and Australia, perhaps 500. It has been
estimated that the material of the Pyrenees spread over Europe
would raise the surface only 6 feet; and the Alps, though four times
larger in area, only 22 feet.

The extremes of level in the land, as far as now known, are, 1300
feet below the level of the ocean, at the Dead Sea, and 29,000 feet
above it, in Mount Everest of the Himalayas.

22. (5.) Subdivisions of the surface, and character of its re-
liefs.—The surfaces of continents are conveniently divided into
(1) low lands; (2) plateaus, or elevated table-lands; (3) mountains.
The limits between these subdivisions are quite indefinite, and are
to be determined from a general survey of a country rather than
from any specific definition.

The low lands include the extended plains or country lying not
far above tide-level. In general they are less than 1000 feet above
the sea; but they are marked off rather by their contrast with
higher lands of the mountain-regions than by any precise altitude.
The Mississippi Valley of the great interior region of the North
American continent is an example; also the plains of the Amazon;
the pampas of La Plata; the lower lands of Europe and Asia. The
surface is usually undulating, and often hilly. Frequently the
surface rises so gradually into the bordering mountain-declivities
that the limit is altogether an arbitrary line, as in the case of the
Mississippi plains and the Rocky Mountain slope.

A mountain is either an isolated peak,—as Mount Washington,
Mount Blanc, Mount Etna,—or a ridge. For a long ridge or range,
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the plural is used, as the Green Mountains, the Ozark Mountains. A
mountain-chain is a system of ridges with the included high land.

A sierra is, in Spanish, a ridge of mountains, and alludes to the saw-like out-
line. A cordillera, in South America, is & mountain-chain. Mauna, as in
Mauna Loa, of Hawaii, signifies mount.

An elevated plateau is an extensive elevated region of flat or hilly
‘surface, such as often occurs in mountainous regions. Any exten-
sive range of country that is over a thousand feet in altitude would
be called a plateau. It may lie along the course of a mountain-
chain, or occupy a wide region between distant chains. The
“Great Basin” between the Salt Lake and the Sierra Nevada is a
plateau of the Rocky Mountain chain, 4000 to 5000 feet in eleva-
tion: the Salt Lake lies in its northeast corner, 4200 feet above the
sea. The plateau or table-land of Thibet lies between the Himalayas
and the Kuen-Luen Mountains next to the north, and is 11,500
to 13,000 feet in altitude; and the plateau of Mongolia (Desert of
Gobi) occupies a vast region farther north, having a mean eleva-
tion of 4000 feet. The State of New York is an elevated plateau,
1500 to 1700 feet in altitude north of the Mohawk (an east-and-
west valley), and 2000 to 2500 feet south of this river: it lies in the
course of the Appalachian Mountains.

Plateaus often have their mountain-ridges, like low lands.

23. Mountains.—The formof an isolated mountain-peak depends
on its general slopes; that of a ridge, on (1) its slopes, (2) the out-
line of the crest, and (3) the course or arrangement of the consecu-
tive parts of the ridge; that of a chain, on all these points, and in
addition (4) the order or arrangement of the ridges in the chain.

(@.) Slopes of mountains.— The movuntain-mass.—The slopes of the larger
mountains and mountain-chains are generally very gradual. Some
of the largest volcanoes of the globe, as Etna and Mount Loa
(Hawaii), have a slope of only 6 to 8 degrees. The mountains are
low cones having a base of 50 miles or more.

The Rocky Mountains, Andes, and Appalachians are three
examples of mountain-chains. The average eastern slope of the
Rocky Mountains seldom exceeds 10 feet in a mile, which is about
1 foot in 500, equal to an angle of only 7 minutes. On the west
the average slope is but little less gradual. The rise on the east
continues for 600 miles, and the fall on the other side for 400 to
500 miles ; the passes at the summit have a height of 6000 to 10,000
feet; and above them, as well as over different parts of the slopes
(especially on the west), there aré ridges carrying the altitude to
12,000 or 14,000 feet. The mountain-mass, therefore, is not a nar-
row barrier between the east and west, as might be inferred from
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the ordinary maps, but a vast yet gentle swell Fig. 2.
of the surface, having a base 1000 miles in
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breadth, and the slopes diversified with va- ¥ §’§
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slope of 60° appears to be as steep as 80°, and one of 30° to be at least 50°. In
a front view of a declivity it is not possible to judge rightly. A profile view
should always be obtained and carefully observed before registering an opinion.

Fig. 3.

In fig. 3 the bluff front facing the left would be ordinarily called a vertical
precipice, while its angle of slope is actually about 65°; and the talus of broken
stones at its base would seem at first sight to be 60°, when really 40°.

Fig. 4.
T

B 5
Fig. 5.
A

B c

Fig. 6.

Fig. 4 represents a section of a volcanic mountain 3° in angle; 5, another, of
79,—the average slope and form of Mount Kea, Hawaii; 6, the same slope with

Fig. 7. Fig. 8. Fig. 9.

the top rounded, as in Mount Loa; 7, a slope of 15°; 8, Jorullo, in Mexico,
which has one side 27° and the other 34°, as measured by N. S. Munross; 9, a
slope of 40°,—the steepest of voleanic cones. The lofty volecanoes of the Andes
are not steeper than in number 8, although frequently so pictured.

With a clinometer (see fig. 102) held between the eye and the mountain,
the angle of slope may be approximately measured. When no instrument is at
hand, it is easy to estimate with the eye the number of times a vertical as A B
in fig. 5is contained in the semi-base B C; and, this being ascertained, the angle
of slope may be easily calculated. The ratio 1:1 corresponds to the angle of
45°;1:2 to 33°41%'; 1:3 t0 26° 34’; 1:4 to 18°26'; 1:5 to 11° 184’; 1:6 to
9°28'; 1:7t08°8"; 1:8t07° 74 ; 1:9to 6°203'; 1:10 to 5° 423'; 1:12 to
4° 46'; 1:15to 3°49’; 1:20 to 2° 52’. The inclinations corresponding to
several of these ratios are represented in the following cut. Fig. (10.)
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24. (b.) Composition of mountain-chains.—(1.) Mountain-chains have
been stated to include several mountain-ridges; and even the
ridges often consist of subordinate
parts similar in arrangement. In 1:1
the great chain of western North
America,—the Rocky Mountains,
—about the summit there are, in 2:3
general, two prominent ranges;
then, west of the summit, within 1:2
100 to 150 miles of the coast, there
is the Washington Range, includ-
ing the Cascade of Oregon and the
Sierra Nevada of California, each
with peaks over 12,000 feet in
height; between this range and the summit there are in many
parts several ridges more or less important; and between it and
the coast other ridges make up what has been called the Coast
Range. The Appalachians also, although but a small chain, con-
sist of a series of nearly parallel ridges. In Virginia there are,
beginning to the eastward, the Blue Ridge, the Shenandoah Ridge,
and the Alleghany, besides others intermediate.

(2.) The ridges of a chain vary along its course. After continu-
ing for a distance, they may gradually become lower and disap-
pear; and while one is disappearing another may rise to the right
or left ; or the mountain may for scores of leagues be only a pla-
teau without a high ridge, and then new ranges of elevations
appear. The Rocky Mountains exemplify well this common cha-
racteristic, as is seen-on any of the recent maps. The Sierra Ne-
vada dies out where the Cascade Range begins; and each has
minor examples of the same principle. The Andes are like the
Rocky Mountains ; only the parts are pressed into narrower com-

Fig. 10.

e e
o ok w

Figs. 11 to 16.
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pass, and the crest-ranges are hence continuous for longer dis-
tances. The Appalachian ridges are rising and sinking along the
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course of the chain. The high land of the southwest terminates
in New York ; and just east stands the separate line of the Green
Mountains ; and still farther eastward,—east of the Connecticut,—
the range of the White Mountains.

The general idea of this composite structure is shown in figs.

Fig. 17.
I

—_— ]

11 to 16, Where each series of lines represents a series of ridges
in a composite range. In fig. 11 the series is simple and straight;
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in 12 it is still straight, but complex; in 13 the parallel parts are
so arranged as still to make a straight composite range; while in
14 and 15 the succession forms a curve; and in 16 there are trans-
verse ridges in a complex series. In ridges or ranges thus com-
pounded, the component parts may lie distinct, or they may
80 coalesce as not to be apparent.

These several conditions of uninterrupted and overlapping lines, constituting
straight and curving chains, are illustrated among the islands of the oceans,
the direction of coast-lines, and the courses of all the reliefs of the earth’s sur-
face, as is explained in the following pages. Figure 28 on page 35, representing
the positions of the Australasian islands from New Hebrides to Sumatra, finely
exhibits the system of structure,—also fig. 27, giving the courses and relative
positions of the central groups of the Pacific, and fig. 29, representing the
Azores in the Atlantic; for the courses of islands are the courses of mountain-
chains. The South Atlantic and North Atlantic are two overlapping lines
parallel in course, and on a still grander scale, one of them being much in
advance or to the westward of the other, and each several thousand miles
long.

The preceding map of the trap ridges of Connecticut, from Percival’s Report,
presents the structure finely. The narrow bands running nearly north-and-
south represent the ridges; they are in many nearly parallel lines; each con-
sists of subordinate parts; and in several the parts lie in advancing or receding
series. The extent of the series is small compared with a mountain-chain;
and the ridges, few of which exceed 600 feet in height, are ejections through
fissures beneath. But the parallelism in structure is perfect. The curves in
some of the subordinate ridges have arisen from the fact that the fissures come
up through a tilted sandstone, and the ejected rock escaped partly direct from
the fissure and partly between the lifted strata of sandstone, and hence in a
direction different from that of the fissure, the two directions together making
the curve.

25. Solid dimensions of mountains.—The modes of calculating the
mass of a mountain are the same that are given in treatises on
mensuration. By a careful system of averaging, based on deter-
minations of the slopes and altitudes, as far as practicable, the
mountain-mass is reduced to one or more cones, pyramids, or
prisms ; and then the solid contents of the cones or pyramids are
obtained by multiplying the area of the base into one-third the
altitude ; or, for a triangular prism lying on one of its sides, the
area of that side into half the length of a line drawn vertical to it
from the opposite edge.

26. ELEVATED PLATEAUS, or table-lands.—Some examples of these
plateaus have been mentioned (4 22). The Llano Estacado
(staked plain) in New Mexico and Upper Texas, southeast of
Santa Fé, is another, of great extent, about 4500 feet in elevation.
The great Mexican plateau, in which the city of Mexico lies, has
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about that city a height of 7482 feet, and slopes from this to 5000
on the east and 4000 on the west; and it stretches on north
beyond the Mexican territory, blending with the plateaus of New
Mexico. Above it rise many lofty volcanic cones, among which
Popocatepetl is 17,884 feet high, Orizaba 17,373 feet, and Istacci-
huatl 15,704.

The plateau of Quito, in the Andes, has a height of 10,000 feet,~—Quito itself
9540 feet; and around it are Cotopaxi, 18,775 feet, Chimborazo, 21,421, Pichin-
cha, 15,924, Cayambe, 19,5635. The plateau of Bolivia is at an elevation of
12,900 feet, with Lake Titicaca, 12,830 feet, and the city of Potosi at 13,330 feet ;
and near are the volcanic peaks Illimani, 23,368 feet, Sorata, 25,290, Huayna
Potosi, 20,260. In Europe, Spain is for the most part a plateau about 2250 feet
in average elevation; Auvergne, in France, another, at about 1100 feet ; Bavaria
another, at 1660 feet. Persia is a plateau varying in elevation between 3800
and 4500 feet, with high ridges in many parts. The Abyssinian plateau, in
Africa, has an average elevation of more than 7000 feet; the region of Sahara,
about 1500 ; that of the interior of Africa south of the equator, about 2500 feet.

27. River-SystemMs.—Plateaus and mountains are the sources of
rivers. They pour the waters along many channels into the basin
or low country towards which they slope; and the channels, as
they continue on, unite into larger channels, and finally into one or
more trunks which bear the waters to the sea. The basin and its
surrounding slopes make up a river-system. The extent of such
a region will vary with the position of the mountains and ocean.
It may cover but a few hundred square miles, like the river-regions
on a mountainous coast, or it may stretch over the larger part of
a continent.

The interior of the United States belongs to one river-system,—
that of the Mississippi; its tributary streams rise on the west
among the snows of the Rocky Mountains, on the north in the central
plateau of the continent, west of Lake Superior, near lat. 47° and
beyond long. 93°-96°, 1680 feet in elevation, and on the east in the
Appalachians, from western New York to Alabama. Besides the
Mississippi, there are other rivers rising in the Rocky Mountains
and flowing into the Gulf of Mexico; and, in a comprehensive
view of the continent, these belong to the same great river-system.

The St. Lawrence represents another great river-region in North
America,—a region which commences in the head-waters of Lake
Superior about the same central plateau of the continent that
gives rise to the Mississippi, and embraces the great lakes with
their tributaries and the rivers of Canada, and flows finally north-
eastward into the Atlantic, following thus a northeast slope of the
continent. North of Lake Superior and the head-waters of the
Mississippi, as far as the parallel of 55°, there are other streams,
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which also flow northeastward, deriving some waters from the
Rocky Mountains through the Saskatchewan, and reaching the
ocean through Hudson’s Bay. Winnipeg Lake is here included.
These belong with the St. Lawrence, the whole together consti-
tuting a second continental river-system.

The Mackenzie is the central trunk of still another river-system,
—the northern. Starting from near the parallel of 55°, it takes
in the slopes of the Rocky Mountains adjoining, and much of the
northern portion of the continent. Athabasca, Slave, and Bear
Lakes lie in this district.

These are examples from among the river-systems of the
world.

Lakes.—Lakes occupy depressions in the earth’s surface which,
from their depths or positions, are not completely drained by the
existing streams, nor kept dry by the heat and drought of the
climate. They occur (1) over the interior of table-lands, as about
the head-waters of the Mississippi; (2) along the depressions
between the great slopes of a continent, as the line of lakes in
British North America running northwest from Lake Superior;
(3) in confined areas among the ridges of mountains. 7The natural
forms of continents—that is, their having high borders—tend to
occasion the existence of lakes in their interior.

If a lake has no outlet to the ocean, its water is usually salt;
and any plain or plateau whose streams dry up without communi-
cating with the sea contains salt basins and efflorescences. The
Caspian, Aral, and Dead Sea are some of the salt lakes of Asia;
and the Great Salt Lake of the Rocky Mountains is a noted one
on this continent. Many parts of the Rocky Mountains, the
Great Basin of the West, the Pampas of South America, and all
the desert regions of the globe, afford saline efflorescences.

2. SYSTEM IN THE RELIEFS OR SURFACE-FORMS OF THE
CONTINENTS.

28. Law of the system.—The mountains, plateaus, low lands,
and river-regions are the elements in the arrangement of which
the system in the surface-form of the continents is exhibited. The
law at the basis of the system depends on a relation between the
continents and their bordering oceans, and is as follows :—

First. The continents have in general elevated mountain-borders
and a low or basin-like interior.

Secondly. The highest border faces the larger ocean.

A survey of the continents in succession with reference to this
law will exhibit both the unity of system among them and the
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peculiarities of each dependent on their different relations to the
oceans.

29. (1.) America.—The two Americas are alike in lying between
the Atlantic and the Pacific: moreover, South America is set so
far to the east of North America (being east of the meridian of
Niagara Falls) that each has an almost entire ocean-contour.
Moreover, each is triangular in outline, with the widest part, or
head, to the north.

North America, in accordance with the law, has on the Pacific
side—the side of the great ocean—the Rocky Mountains, on the
Atlantic side the low Appalachians, and between the two there is
the great plain of the interior. This is seen in the annexed
section (fig. 18) from west to east: on the west, the Rocky Moun-

Fig. 18.
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tains, with the double crest, at b, the Washington Range at q,
between a, b the Great Basin, at d the Appalachians, ¢ the Mis-
sissippi, and between d and b a section of the Mississippi river-
system.

The Cascade and Nevada Ranges are even more lofty in some of their sum-
mits than the crest-ridges of the Rocky chain. In the former there is a line
of snowy cones from 12,000 to 16,000 or 18,000 feet in elevation, including
Mount Baker, near Puget’s Sound, and, to the south of this, Mount St. Helen’s,
Mount Adams, and Mount Rainier, north of the Columbia, and, south, Mount
Hood, Mount Pitt, Mount Jefferson, and the Shasta Peak,—the last on the border
of California. Still nearer the sea there is what is called the Coast Range, con-
sisting of lower elevations. Between the two lie the valley of the Sacramento
and Joaquin, in California, and that of the Willamette, in Oregon.

The Appalachians, on the east, reach an extreme height of but
6700 feet, and are in general under 2500 feet.

To the north of North America lies the small Arctic Ocean,
much encumbered with land; and, correspondingly, there is no
distinct mountain-chain facing the ocean. The mountains of
Sreenland are an independent system, pertaining to that semi-
continent by itself.

The characteristics of the interior plain of the continent are
well displayed in its river-systems: the great Mississippi system
turned to the south, and making its exit into the Gulf of Mexico
between the approaching extremities of the eastern and western
mountain-ranges; the St. Lawrence sloping off northeastward ;
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the Mackenzie, to the northward; the central area of the plain
dividing the three systems being only about 1700 feet above the
ocean,—a less elevation than about the head-waters of the Ohio in
the State of New York.

South America, like North America, has its great western range
of mountains, and its smaller eastern (fig. 19); and the Brazilian

Fig. 19.
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line (3) is closely parallel to that of the Appalachians. As the
Andes (a) face the South Pacific, a wider and probably much
deeper ocean than the North Pacific, so they are more than twice
the height of the Rocky Mountains, and, moreover, they rise more
abruptly from the ocean, with narrow shore-plains.

Unlike North America, South America has a broad ocean on the
north,—the North Atlantic in its longest diameter; and, accord-
ingly, this northern coast has its mountain-chain reaching along
through Venezuela and Guaiana.

The drainage of South America, as observed by Professor Guyot,
is closely parallel with that of North America. There are, first, a
southern,—the La Plata,—reaching the Atlantic towards the south,
between the converging east-and-west chains, like the Mississippi ;
second, an eastern system,—that of the Amazon,—corresponding to
the St. Lawrence, reaching the same ocean just north of the
eastern mountain-border; and, third, a northern system,—that of the
Orinoco,—draining the slopes or mountains north of the Amazon
system. The two Americas are thus singularly alike in system of
structure: they are built on one model.

The relation of the oceans to the mountain-borders is so exact
that the rule-of-three form of statement cannot be far from the
truth. As the size of the Appalachians to the size of the Atlantic, so is the
size of the Rocky chain to the size of the Pacific. Also, As the height of the
Rocky chain to the extent of the North Pacific, so are the height and boldness
of the Andes to the extent of the South Pacific.

30. (2.) Burope and Asia.—The land covered by Europe and
Asia is a single area or continent, only partially double in its
nature (3 19). Unlike either of the Americas, it lies east-and-
west, with an extensive ocean facing Asia on the south; and its
great feature-lines are in a large degree east-and-west. The Arctic
is on the north; the North Atlantic is on the west; the North
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Pacific on the east; Africa and the Indian Ocean are on the south.
The Atlantic is the smallest ocean ; the North Pacific next,—for its
average depth is probably not over 13,000 feet (p.12), and it is
much encumbered by islands to the west-of-south; the Indian
Ocean next,—for it is full 5000 miles wide in front of the Asiatic
coast, and singularly free from islands. The boundary is a complex
one, and the land between the Atlantic and Pacific over 6000
miles broad.

On the side of the small North Atlantic there are the moun-
tains of Norway and the British Isles, the former having a mean
height of 4000 feet. On the Pacific side there are loftier moun-
tains, extending in several ranges from the far north to southern
China,—the Stanovoi, Jablonoi, and the Khingan Ranges; and off
the coast there is still another series of ranges, now partly sub-
merged,—viz., those of Japan and other linear groups of islands.
These stand in front of the interior chain, very much as the
Cascade Range and Sierra Nevada of the Pacific border of America
are in advance of the summit-ridges of the Rocky Mountains,
and both are alike in being partly volcanic, with cones of great
altitude.

Facing the still greater Indian Ocean, and looking southward,
stand the Himalayas,—the loftiest of mountains,—called the Hima-
layas as far as Cashmere, and from there, where a new sweep in
the curve begins, the Hindoo Cush,—the whole over 2000 miles in
length: not so long, it is true, as the Andes, but continued as
far as the ocean in front continues. The mean height of the
Himalayas has been estimated at 16,000 feet; over forty of the
peaks surpass Chimborazo. The Kuen-Luen Mountains, to the
north of the Himalayas, make another crest to the great chain,
with Thibet between the two. Going westward, the mountains
decline, though there are still ridges of great elevation.

On the north there are the great Siberian plains, backed by the
Altai, about half the Himalayas in height. The Altai thus have

Fig. 20.
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the same relation to the Himalayas as the Appalachians to the
Rocky Mountains, or the Brazlian Mountains to the Andes, yet
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with a striking difference in the immense shore-plain between
them and the sea.

The sketch (fig. 20) presents the general features to the eye.
At g, there is the elevated land of India; between « and b, the low
river-plain at the base of the Himalayas; at b, the Himalayas; b to
¢, Plains of Thibet ; ¢, the Kuen-Luen ridge ; ¢ tod, Plains of Mongolia
and Desert of Gobi; at d, the Altai; d to ~, the Siberian plains.

The interior region of the continent in its eastern half is the
plateau of Gobi and Mongolia, which, at 4000 feet, is low compared
with the mountains in front and rear. More to the westward the
region ¢, d becomes intersected by the lofty Thian-chan Range.
Still farther westward the surface declines into the great depression
occupied by the Caspian and Aral, part of which is below tide-level

2 19).

( Thza interior drainage-system for Asia is without outlet. The
waters are shut up within the great basin, the Caspian and Aral
being the seas which receive those waters that are not lost in the
plains. The Volga and other streams, from a region of a million
of square miles, flow into the Caspian.

The Urals stand as a partial barrier between Asia and Europe,
parallel nearly with the mountains of Norway.

Europe has its separate system of elevations and interior plains;
but it is not necessary to dwell on it here.

The great continental mass accords with the law stated :—high
borders proportioned in the case of each to the extent of the bor-
dering oceans, and a general basin-form.

31. (3.) Africa.—Africa has the Atlantic on the west, the larger
Indian Ocean on the east, with Europe and the Mediterranean on
the north, and the South Atlantic and Southern Ocean on the
south. Its system of structure has been well explained by Pro-
fessor Guyot. As he has stated, the northern half has the east-
and-west position of Asia, and the southern the north-and-south
of America; and its reliefs correspond with this structure. The
Guinea coast belonging to the northern half projects west in front
of the South Atlantic, and is faced by the east-and-west Kong
Range; and opposite, on the Mediterranean, there are the Atlas
Mountains, one peak of which is 11,000 feet high,—although the
ridges are generally much lower. The two thus oppose one
another, like the Himalayas and Altai. The southern half of the
continent has a border mountain-range the most of the way along
the west and south. On the latter, which has a length of 700
miles, there are three or four parallel ridges, and some of the
peaks are 4000 to 7000 feet high. Up the eastern coast there is
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also a mountain-border, and higher than the western. By these
border-ranges the interior of Africa is mostly shut off from the sea:
—it is a shut-up continent, as Guyot calls it. The loftiest mountains
are in Abyssinia and Zanguebar, facing the Indian Ocean. Abys-
sinia is, to a great extent, an elevated plateau, 6000 to 7000 feet in
height, with ridges reaching to 11,000 and 13,500 feet ; and farther
south, in 3° 40/, stands the snowy Kilimanjaro, which, according
to report, is 20,000 feet high, and probably the source of the Nile.

The interior of the northern or east-and-west half consists of (1)
the Great Sahara region, a plateau of about 1500 feet elevation,
with its undulations and ridges; (2) an east-and-west depression
on the north, between Sahara and the border-mountains, nearly to
the ocean’s level in some parts, and being the region of the oases;
(3) a partial east-and-west depression about the parallels 10° to
15° N., separating the Sahara plateau from the southern, and con-
taining Lake Tchad, at an elevation of 800 feet. The interior of
the southern half is a plateau 2000 to 2500 feet in average height:
the great lake Uniamesi, south of the equator, between the meri-
dians 25° and 35°, is stated by Livingstone to have its surface 2000
feet above the sea.

' Fig. 21.
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The sections figs. 21 and 22 give a general idea of these features
Fig. 21 is a section from south to north (the heights necessarily
much exaggerated in proportion to the length); a, the southern
mountains ; b, the southern plateau; ¢, Lake Tchad depression;
d, Sahara plateau ; ¢, oases depression ; f, mountains on the Medi-
terranean, of which there are two or three parallel ranges. Fig. 22

Fig. 22.
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represents the surface-outline from west to east through the
southern half of the continent. In all these sections all minor
details are omitted, in order to bring out clearly the system, or
continental model.

Africa has, therefore, the basin-form, but is a double basin ; and
its highest mountains are on the side of the largest ocean, the
Indian. The height of the mountains adjoining the Mediter-
ranean is the only exception to the relation to the oceans;and this
is small. Moreover, the position of the head of the continent
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against the continent of Europe with only the Mediterranean
between, instead of an ocean, is a sufficient reason for the excep-
tions. Africa has some resemblance to America, but America
turned about, with the most elevated border on the east instead of
the west.

32. (4.) Australia.—Australia conforms also to the continental
model. The highest mountains are on the side of the Pacific,—
the larger of its border-oceans. The Australian Alps, in New South
Wales, facing the southwest shores, have peaks 5000 to 6500 feet in
height. The range is continued northward in the Blue Mountains,
which are 3000 to 4000 feet high, with some more elevated summits,
and, beyond these, in ridges under other names, the whole range
being mostly between 2000 and 6000 feet in elevation. The interior
is regarded as a low, arid region.

The continents thus exemplify the law laid down, and not
merely as to high borders around a depressed interior,—a prin-
ciple stated by many geographers,—but also as to the highest border
being on the side of the greatest ocean.* The continents, then, are
all built on one model, and in their structures and origin have a
relation to the oceans that is of fundamental importance.

It is owing to this law that America and Europe literally stand
facing one another, and pouring their waters and the treasures of
the soil into a common channel, the Atlantic. America has her
loftier mountains, not on the east, as a barrier to intercourse with
Europe, but off in the remote west, on the broad Pacific, where
they stand open to the moist easterly winds as well as those of
the west, to gather rains and snows, and make rivers and alluvial
plains for the continent; and the waters of all the great streams,
lakes, and seas make their way eastward to the narrow ocean that
divides the civilized world. Europe has her slopes, rivers, and
great seas opening into the same ocean; and even central Asia
has her most natural outlet westward to the Atlantic. Thus, under
this simple law, the civilized world is brought within one great
country, the centre of which is the Atlantic, uniting the land by a
convenient ferriage, and the sides the slopes of the Rocky Moun-
tains and Andes on the west, and the remote mountains of Mon-
golia, India, and Abyssinia on the east.t

This subject affords an answer to the inquiry, What is a continent
as distinet from an island? Tt is a body of land so large as to have
the typical basin-form,—that is, mountain-borders about a low inte-

* First announced American Jour. Sci. [2], vols. iii. 398, iv. 92, 1847, and xxii.
335, 1856. 1 See Guyot’s Earth and Man.
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rior. The mountain-borders of the continents vary from 500 to
1000 miles. Hence a continent cannot be less than a thousand
miles (twice five hundred) in width.

3. SYSTEM IN THE COURSES OF THE EARTH’S FEATURE-
LINES.

33. The system in the courses of the earth’s outlines is exhibited
alike over the oceans and continents, and all parts of the earth are
thus drawn together into even a closer relation than appears in the
principle already explained.

The principles established by the facts are as follow: That (1)
two great systems of courses or trends prevail over the world, a north-
western and a northeastern, transverse o one another ; (2) that the islands
of the oceans, the outlines and reliefs of the continents, and the
oceanic basins themselves, alike exemplify these systems; (3) that
the mean or average directions of the two systems of trends are
northwest-by-west and northeast-by-north; (4) that there are wide
variations from these courses, but according to principle, and that
these variations are often along curving lines; (5) that, whatever
the variations, when the lines of the two systems meet, they meet
nearly at right angles or transversely to one another.

34. (1.) Islands of the Pacific Ocean.—The lines or ranges of
islands over the ocean are as regular and as long as the mountain-
ranges of the land. To judge correctly of the seeming irregularities,
it is necessary to consider that in chains like the Rocky Mountains,
or Andes, or Appalachians, the ridges vary their course many de-
grees as they continue on, sometimes sweeping around into some
new direction, and then returning again more or less nearly to their
former course, and that the peaks of a ridge are very far from
being in an exact line even over a short course; again, that several
approximately parallel courses make up a chain.

A. NORTHWESTERLY SYSTEM OF TRENDS.—In the southwestern Pacific,
the New Hebrides (fig. 23) show well this linear arrangement; and
even each island is elongated in the same direction with the group.
This direction is nearly northwest (N.40° W.), and the length of the
chain is 500 miles. New Caledonia, more to the southwest, has
approximately the same course,—about northwest. Between New
Hebrides and New Caledonia lies another parallel line, the Loyalty
Group. The Salomon Islands, farther northwestward, are also a
linear group. The chain is mostly a double one, consisting of two
parallel ranges, and each island is linear, like the group, and with
the same trend. The course is northwest-by-west, the length
600 miles.



GENERAL FEATURES OF THE EARTH. 31

In the North Pacific, the Hawaian range has a west-northwest
course. The Sandwich or Hawaian Islands (fig. 24), from Hawaii

Fig. 23.
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to Kauai, make up the southeasterly part of the range, about 400
miles in length. Beyond this the line extends to 175° E., making

Fig. 24.
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H, Hawaii; M, Maui; 3, Kahoolawe; 4, Lanai;
5, Molokai; 0, Oahu; K, Kauai.
a total length of nearly 2000 miles,—a distance as great as from
Boston to the Great Salt Lake in the Rocky Mountains, or from
London to Alexandria. Moreover, in this chain there are on
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Hawaii two summits nearly 14,000 feet in altitude; and if the
ocean around is 15,000 feet deep, the whole height of these peaks
is just that of Mount Everest in the Himalayas.

Between these groups lie the islands of the ocean, all nearly
parallel in their courses. Figs. 25, 26 are examples.

Fig. 25. Fig. 26.
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The following table gi;'es the courses of the principal chains of the ocean :—

Course.

Hawaian range.... N. 64° W.
Marquesas Islands.. N. 60° W.
Paumotu Archipelago. N. 60° W,
Tahitian or Society. N. 62° W.
Hervey Islands...cveciereiennnns N. 65° W.
Samoan or Navigator Islands.. N. 68° W.
Tarawan or Kingsmill Islands...cccceeeueueniunnnnnnnnns N. 34° W.
Ralick group ....coveesseeeseneeeen .. N.37°W.
Radack group..ccceeereeneesiens T TTTTY TP TCTNNOOUURRRRRRN N. 30° 'W.
New Hebrides .oooovveeeeeieriiiieierneenesvenerrererennnnsesnne N. 40° W,
. N.44°w,

North extremity of New Zealand...... careetasennseerans N. 50° W.
Salomon Islands.....ceeereiiiieriiiierieinersreesennnesesees o N.B7TOW.
N. 56° W.

N. 65° W.

B. NORTHEASTERLY SYSTEM OF TRENDS.—The body of New Zealand
has a northeast-by-north course. The line is continued to the south,
through the Auckland and Macquarie Islands, to 58° S. To the
north, in the same line, near 30° S,, lie the Kermadec Islands, and
farther north, near 20° 8., the Tonga or Friendly Islands.

The Ladrones, north of the equator, follow the same general
course. It also occurs in many groups of the northwesterly system
characterizing subordinate parts of those groups. Thus, the west-
ernmost of the Hawaian Islands, Nihau, lies in a north-northeast
line, and the two lofty peaks of Hawaii have almost the same
bearing.
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35. PacrFic 1sLaND-cHAINS.—The groups of Pacific islands, with a
few exceptions, are not independent lines, but subordinate parts of
island-chains. There are three great island-chains in the ocean
which belong to the northwesterly system,—the Hawaian, the Poly-
nesian, and the Australasian,—and, excluding the Ladrones, which
belong to the western Pacific, one belonging to the northeasterly
system, viz.: the Tongan or New Zealand chain.

(1.) Hawaian chain.—This chain has already been described.

(2.) Polynesian chain.—This chain sweeps through the centre of
the ocean, and has a length of 5500 miles, or nearly one-fourth the
circumference of the globe. The Paumotu Archipelago and the
Tahitian and Hervey Islands are parallel lines in the chain, forming
its eastern extremity; westward there are the Samoan and Tara-
wan groups and others intermediate; still northwestward there
are the Radack and Ralick groups, and in 20° N., on the same line,

‘Wakes Island.
Fig. 27.

1 to 10, the Polynesian chain: 1, Paumotu group; 2, Tahitian; 3, Rurutu group; 4, Hervey
group; 5, Samoan or Navigators’; 6, Vakaafo group; 7, Vaitupu group; 8, Kingsmill group;
9, Ralick; 10, Radack; 11, Carolines; 12, Marquesas; 13, Fanning group; 14, Hawaian,
a to h, part of the Australasian chain: a, New Caledonia; b, Loyalty group; ¢, New Hebri-
des; d, Santa Cruz group; e, Salomon Islands; f; Louisiade group; g, New Ireland; A, Ad-
miralty group.

In fig. 27 the positions and trends of the various groups in this

Polynesian chain are indicated by lines numbered from 1 to 10.
4
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(a.) The chain, as is seen, consists of a series of parallel ranges
succeeding and overlapping along the general course, in the manner
illustrated on page 19, when speaking of mountains. (b.) It varies
its course gradually from west-northwest at the eastern extremity to
north-northwest at the western. (c.) Its mean trend is northwest-
by-west (N.56° W.), the mean trend of all the groups of the north-
westerly system in the ocean. (d.) The chain is a curving chain,
convex to the southward, and marks the position of a great central
elliptical basin of the Pacific having the same northwesterly trend.
The Hawaian is on the opposite side of it, slightly convex to the north.

The Marquesan range lies in the same line with the Fanning group to the
northwest, just north of the equator; and, if a connection exists, another great
chain is indicated,—a Marquesan chain.

(3.) Australasian chain.—New Hebrides and New Caledonia belong
to the Australasian island-chain. The line of New Hebrides is
continued northwestward in the Salomon group and New Ireland,
though bending a little more to the westward, and terminates in
Admiralty Land, near 145° E., where it becomes very nearly east-
and-west: the length of the range is about 2000 miles. Taking another
range in the chain, New Caledonia, the course is continued in the
Louisiade group; then the north side of New Guinea, which con-
tinues bending gradually till it becomes east-and-west, near 135° E.:
and in the southeast, belonging to the same general line, there is the
foot of the New Zealand boot. The coral islands between New
Caledonia and Australia appear also to be other lines in the chain.

From New Guinea the east-and-west course is taken up by Ceram,
and again, more to the south, in the Java line of islands; and from
Java the chain again begins to rise northward, becoming northwest
finally in Sumatra and Malacca.

The several ranges make up one grand island-chain, with a
double curvature, the whole nearly 6000 miles long. The relation
of the parts in the system is shown in figure 28, in which a line
stands for each group and indicates its course.

The composite nature of the chain is here apparent; as also the
curving course, in connection with a prevailing conformity to a
northwesterly trend.

(4.) Blending of the Australasian and Polynesian island-chains.—The
two chains blend with one another in the region of the Carolines.
This large archipelago properly includes the Ralick and Radack
groups. At the Tarawan group, just south, the Polynesian chain
divides into two parts,—the Ralick and Radack ranges. But the
main body of the archipelago (see fig. 27 and the chart) trends off to
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the westward, and is a third branch, conforming in direction to
the Australasian system.

Fig. 28.

X
N\

A, B, C, Sumatra and Java line of islands; D, Ceram; E, north coast
of New Guinea; F, South New Guinea; G, Admiralty Islands; H,

Louisiade group; I, Salomon; J, Santa Cruz group; K, New He-

brides; L, Loyalty group; M, New Caledonia; N, high lands of Ao
northeast Australia; O, New Zealand; a b, northwest shore of Bor- g
neo; cd, east Borneo; e f, west coast of Celebes; g h, west coast of /
Gilolo.

The Caroline Archipelago forks at its southeastern extremity,—
one portion, the Tarawan, Radack, and Ralick Islands, conforming
to the Polynesian system (8, 9, 10 in fig. 27), while the great body
of the Caroline Islands trend off more to the westward (No. 11),
parallel with New Zealand and the Admiralty group (g, & of the
same cut) and others of the Australasian system.

(5.) New Zealand chain.—The ranges in this chain are mentioned
in § 34. The whole length, from Macquarie Island, on the south,
to Vavau, a volcanic island terminating the Tonga range, on the
north, is 2500 miles. To the east of New Zealand lie Chatham Island,
Beverly, Campbell, and Emerald, which correspond to another range
in the chain.

This transverse chain is at right angles with the Polynesian system
at the point where the two meet. Moreover, it is nearly central
to the ocean; and in its course farther north lie the Samoan
and Hawaian Islands, two of the largest groups in the Polynesian
system.

The central position, great length, and rectangularity to the
northwest ranges give great significance to this New Zealand or
northeasterly system of the ocean.
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The large Feejee group lies near the intersection of the three Pacific chains;
and hence its numerous islands do not conform to either one, though the larger
islands approximate most nearly to the last in direction.

36. (2.) Pacific and Atlantic Oceans.—The trend of the Pacific
Ocean as a whole corresponds with that of its central chain of
islands, and very nearly with the mean trend of the whole. It isa
vast channel, elongated to the northwest. The range of heights along
northeastern Australia runs from the eastern coast northwesterly,
by the head of the great gulf (Carpentaria) on the north; and the
opposite side of the ocean along North America, or its bordering
mountain-chain, has a similar mean trend. A straight line drawn
from northern Japan through the eastern Paumotus to a point a
little south of Cape Horn may be called the axis of the ocean.
This axial line is nearly half the circumference of the sphere, and
the transverse diameter of the ocean full one-fourth the circum-
ference: so that the facts relating to the Pacific chains must have
a universal importance.

The North Atlantic Ocean trends to the northeast,—or at right angles,
nearly, to the Pacific: this is the course of the coasts, and therefore
of the channel. Taking the trend of the southeast coast of South
America as the criterion, the South Atlantic conforms in direction to
the North Atlantic.

The Asiatic coast of the Pacific has the direction of the north-
easterly system. The course is not a nearly straight line, like the
corresponding eastern coast of North America, but consists of a
series of curves, which series is repeated in the outline of the Asiatic
coast and in the mountains of the country back. Moreover, the
curves meet one another at right angles.

The last one, which is 1800 miles long, commences in Formosa, and
extends along by Luzon, Palawan, and western Borneo, to Sumatra,
and terminates at right angles with Sumatra; and another furcation
of it passes by eastern Borneo or Celebes, and terminates at right
angles with Java and the islands just east (fig. 28). The rectangu-
larity of the intersections is thus preserved; and the curve of the
Australasian chain has in this way determined the triangular form
of Borneo.

The Aleutian Islands (range No. 1) make a curve across from America to
Kamtchatka, in length 1000 miles. The Kamtchatka range (No. 2) commences
at right angles with the termination of the Aleutian, and bends around till it
strikes Japan at a right angle. The Japan range (No. 3) commences north in
Saghalien, and curves around to Corea. The Loochoo range (No. 4) leaves Japan
at a right angle, and curves around to Formosa. The Formosa range (No. 5) is
explained above. There is apparently a repetition of the Formosa system in
the Ladrones near longitude 145° E.
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37. (3.) Bast and West Indies.—The general courses in the
East Indies have been mentioned in ¢ 35. In the West Indies and
Central America there is a repetition of the curves in the East
Indies. The course of therangealong Central America corresponds
to Sumatra and Java; the line of Florida and the islands to the
southeast makes another range in the same system.

The East and West Indies are very similar in their relations to
the continents and oceans. About the East Indies Asia lies to the
northwest and Australia to the southeast, just like North and
South America about the West Indies; and the North Pacific and
Indian Ocean have the same bearing about the former as the North
Atlantic and South Pacific about the latter. The parallelism in the
bends of the great chains is, hence, only a part in a wide system of
geographical parallelisms.

38. (4.) The American continents.—In North America the north-
west system is seen in the general course of the Rocky Mountains,
the Cascade Range and Sierra Nevada;in Florida; in the line of
lakes, from Lake Superior to the mouth of the Mackenzie; in the
southwest coast of Hudson’s Bay ; in the shores of Davis’Straits and
Baffin’s Bay ; and with no greater divergences from a common course
than occur in the Pacific. The northeast system is exemplified
in the Atlantic coast from Newfoundland to Florida, and, still
farther to the northeast, along the coast of Greenland; and to the
southwest along Yucatan, in Central America. The Appalachian
Mountains, the river St. Lawrence to Lake Erie, and the north-
west shore .of Lake Superior, repeat this trend.

There are curves in the mountain-ranges of eastern North Ame-
rica like those of eastern Asia. The Green Mountains run nearly
north-and-south, but the continuation of this line of heights across
New Jersey into Pennsylvania curves around gradually to the
westward. The Alleghanies, in their course from Pennsylvania to
Alabama and Tennessee, have the same curve. There appears also
to be an outer curving range, bordering the ocean, extending from
Newfoundland along Nova Scotia, then becoming submerged, though
indicated in the sea-bottom, and continued by southeastern New
England and Long Island.

Between this range and that of the Green Mountains lies one of
the great basins of ancient geological time, while to the westward
of the Green Mountains and Alleghanies was the grand interior basin
of the continent. The two were to a great extent distinct in their
geological history, being apparently independent in their coal-
deposits and in some other formations.

In South America the north coast has the same course as the
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Hawaian chain, or pertains to the northwest system ; and the coast
south of the east cape belongs to the northeast system. Ilence the
outline of the continent makes a right angle at the cape. The
northwest system is repeated in the west coast by southern Peru
and Bolivia, and the northeast in the coast of northern Peru to
Darien: so that this northern part of South America, if the Bolivian
line were continued across, would have nearly the form of a paral-
lelogram. South of Bolivia the Andes correspond to the northeast
system, although more nearly north-and-south than usual.

39. (5.) Islands of the Atlantic.—The Azores have a west-north-
west trend, like the Hawaian chain, and are partly in three lines,

Fig. 29.
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Azores, or Western Islands.
with evidences also of the transverse system. The Canaries, as Von
Buch has shown, present two courses at right angles with one an-
other,—a northwest and a northeast.

Again, the line of the southeast coast of South America extends
across the ocean, passes along the coast of Europe and the Baltic,
and the mountains of Norway and the feature-lines of Great Britain
are parallel to it.

6. Asia and Burope.—In Asia the Sumatra line, taken up by
Malacca, turns northward, until it joins the knot of mountains
formed by the meeting of the range facing the Pacific and that
facing the Indian Ocean. At this point, and partly in continuation
of a Chinese range, commence the majestic Himalayas,—at first
east-and-west, at right angles with the termination of the Malacca
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line, then gradually rising to west-northwest. The course is con-
tinued northwestward in the Hindoo Cush, extending towards the
Caspian,—in the Caucasus, beyond the Caspian, and the Carpa-
thians, beyond the Black Sea. The northwest course appears also
in the Persian Gulf, and the plateaus adjoining, in the Red Sea, the
Adriatic and Apennines.

40. Recapitulation.—From this survey of the continents and
oceans it follows :—

That while there are many variations in the courses of the earth’s
feature-lines, there are two directions of prevalent trends,—the north-
westerly and the northeasterly ; that the Pacific and Atlantic have
thereby their positions and forms, the islands of the oceans their
systematic groupings, the continents their triangular and rectan-
gular outlines, and the very physiognomy of the globe an accord-
ance with some comprehensive law. The ocean’s islands are no
labyrinths, the surface of the sphere no hap-hazard scattering of
valleys and plains; but even the continents have a common type
of structure, and every point and lineament on their surface and
over the waters is an ordered part in the grand structure.

It has been pointed out, first by Professor R. Owen, of Tennessee,* that the
outlines of the continents lie in the direction of great circles of the sphere,
which great circles are in general tangential to the arctic or antarctic circles.
By placing the north pole of a globe at the elevation 23° 28’ (equal to the dis-
tance of the arctic circle from the pole or the tropical from the equator), then,
on revolving the globe eastward or westward, part of these continental outlines,
on coming down to the horizon of the globe, will be found to coincide with it;
and on elevating the south pole in the same manner, there will be other coinei-
dences. Other great lines, as part of those of the Pacific, are tangents to the
tropical circles instead of the arctic. But there are other equally important
lines which accord with neither of these two systems, and a diversity of excep-
tions when we compare the lines over the surfaces of the continents and oceans.

Still, the coincidences as regards the continental outlines are so striking that
they must be received as'a fact, whether we are able or not to find an explana-
tion, or bring them into harmony with other great lines.

4. SYSTEM IN THE OCEANIC MOVEMENTS AND TEMPERATURE.

41. (1.) System of oceanic movements.—The general courses
of the ocean’s currents are much modified by the forms and posi-
tions of the oceans; but the plan or system for each ocean, north

# Key to the Geology of the Globe, 8vo, New York, 1857, and Am. Jour. Sci.
[2], xxv. 130.
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or south of the equator, is the same. This system is illustrated
in the annexed figure (fig. 30), in which all minor movements
are avoided in order to present only the

predominant courses. W E is the equator Fig. 30.

in either ocean; 30° 60° the parallels so
named; N, S, the opposite polar regions:
the arrow-heads show the direction of the
movement.

The main facts are as follow : —

(1.) A flow in either tropic (see figure) from
the east, and in the higher temperate latitudes
Sfrom the west, the one flow turning into the
other, making an elliptical movement. The
tropical waters may pass into the extratro-
pical regions in all longitudes, but the move- .
ment is appreciable only towards the sides of S
the oceans.

(2.) A flow of a part of the easterly-flowing extratropical waters
(see fig. 30) outward towards the polar region, to return thence
with the polar waters mainly along the western side of the ocean
(though partly by the eastern).

(3.) A flow of the colder current under the warmer when the
two meet, since cold water, down t0393°F., is heavier than warm.

(4.) A lifting of the deep-seated cold currents to the surface
along the sides of a continent or island, or over a submerged bank,
as on the west coast of South America.

(5.) A movement of the circuit, as a whole, some degrees to the
north or south with the change of the seasons, or as the sun passes
to the north or south of the equator.

(6.) On the west side of an ocean (see fig. 30) the cold northerly
current is mainly from the polar latitudes; on the east side it is
mainly from the high temperate latitudes, being the cooled extra-
tropical flow on its return.

(7.) The tropical current has great depth, being a profound
movement of the ocean, and it is bent northward in its onward
course by the deep, submerged sides of the continents. The Gulf
Stream has consequently its main limit 80 to 100 miles from the
American coast, where the ocean commences its abrupt depths
(g 17). Hence, a submergence of a portion of a continent suffi-
cient to give the body of the current a free discharge over it
would have to be of great depth,—probably two thousand feet at
least.

42. The usual explanation of the courses is as follows :—As the
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earth rotates to the eastward, the westward tropical flow is due
simply to a slight lagging of the waters in those latitudes. But
transfer these waters towards the pole, where the earth’s surface
moves less rapidly (the rate of motion varies as the cosine of lati-
tude), and then they may move faster than the earth’s surface and
80 have a movement to eustward. The earth’s rotation is not sup-
posed to be a cause of motion in the waters ; but, there being a move-
ment, for other reasons (which it is not necessary here to consider),
from the equator towards the poles, and from the higher latitudes
towards the equator, it gives easting to the flow in the former direc-
tion, and westing to the flow in the latter.

On the same principle, any waters flowing from the polar regions
(where the earth’s motion at surface is slow) towards the equator
would be thrown mainly against the west side of the oceans (as the
Labrador current in the North Atlantic), for they have no power to
keep up with the earth’s motion. But the waters flowing towards
the pole, that have not lost much of their previous eastward-
moving force, may descend to lower latitudes along the east side of
the ocean.

43. Put the above figure in either the Atlantic or Pacific, and
the system for the ocean will be apparent at a glance.

In the North Atlantic the deep tropical current from the east is
turned to the northward along the West India islands, and it there
becomes the Gulf Stream ; it flows by Florida to the northeast, fol-
lowing nearly the outline of the oceanic basin (3 17) ; it passes the
Newfoundland bank, and stretches over towards Europe; then®a
part bends southeastward to join the tropical current and complete
the ellipse; the centre of this ellipse is the Sargasso Sea, abounding
in seaweeds and calms. Another large portion continues on north-
eastward over the region between Britain and Iceland to the poles.
From the polar region it returns along by Eastern Greenland, Davis’
Straits, and other passages, pressing against the North American
coast, throwing cold water into the Gulf of St. Lawrence, bringing
icebergs to the Newfoundland banks, and continuing on southward
to the West India islands and South American coast, where it pro-
duces slight effects in the temperature of the coast-waters. Cape
Cod stands out so far that the influence of the cold current is less
strongly felt on the shores south than north; and Cape Hatteras
cuts off still another portion.

In. the South Atlantic there is the tropical flow from the east;
the bending south towards Rio Janeiro; the turn across towards
Cape of Good Hope; and the bending again northward of the
waters now cold. But, owing to the manner in which the channels
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of the South Atlantic and North Atlantic are united, a large part
of the tropical current of the former goes to swell the tropical cur-
rent and Gulf Stream of the latter.

In the North Pacific there is the same system, modified mainly
by this, that the connection with the polar regions is only through
the narrow and shallow Behring Straits. There is a current an-
swering to the “Gulf Stream” off Japan, and another corresponding
to the “Labrador current”” along the whole length of the Asiatic
coast, perceptible by the temperature if not by the movement.

In the South Pacific there are traces of a *“ Gulf Stream”—that is,
of an outward-bound tropical current—off Australia, noticed by
Captain Wilkes. The inward extratropical current, chilled by its
southern course, is a very important one to western South Ame-
rica, as it carries cool waters quite to the equator.

In the Indian Ocean the system exists, but with a modification
depending on the fact that the ocean has no extended northern
area. The outward tropical current is perceived off southeast-
ern Africa.

The surface-currents of the ocean are more or less modified by
changes in the winds. On this and on other related topics barely
glanced at in this brief review the reader may refer to treatises on
Meteorology or Physical Geography.

44. (2.) Oceanic temperature.—The movement of the oceanic
currents tends to distribute tropical heat towards the poles, and
polar cold, in a less degree, towards the tropics; and hence the
courses of the currents modify widely the distribution of oceanic
heat. The chart at the close of this volume contains a series of
oceanic isothermal lines drawn through places of equal cold for
the coldest month of the year. The line of 68° F., for example,
passes through points in which the mean temperature of the water
in the coldest month of the year is 68° F.; so with the line of 62°,
56°, &c.* All of the chart between the lines of 68°, north and south
of the equator, is called the Torrid Zone of the ocean’s waters; the
region between 68° and 35°, the Temperate Zone, and that beyond 35°,
the Frigid Zone. The line of 68° is that limiting the coral-reef seas
of the globe, so that the coral-reef seas and Torrid Zone thus have
the same limits.

The regions between the successive lines, as 80° and 80°, 80° and 74°, 74° and
68°, 68° and 62°, 62° and 56°, 56° and 50°, and so on, have special names on
the chart. They are as follow :-—

# As the lines are lines of equal extreme cold, instead of heat, such a chart
is named an socrymal chart (from wos, equal, and xpvuos, extreme cold).
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1. TorrID ZoNE.—Super-torrid, torrid, and sub-torrid regions.

2. TEMPERATE ZoNE.—Warm-temperate, temperate, sub-temperate, cold-tem-
perate, and sub-frigid regions.

3. FrIGID ZONE.

They are convenient with reference to the geographical distribution of oceanic
animals.

Since the tropical (the westward) currents are warm, and the
extratropical (the eastward) mnecessarily cold, the elliptical inter-
play explained must carry the warm waters away from the equator
on the west side of the oceans, and the cold waters towards the
equator on the east side. The distribution of temperature thus
indicates the currents. In each elliptical circuit, therefore, the
line of 68° F. should be an oblique diagonal line to the ellipse;
and thus it is in the North Atlantic, the South Atlantic, the
North Pacific, the South Pacific (though less distinetly here, as the
ocean is so broad), and the Indian Ocean. The torrid-temperature
zones are very narrow to the eastward and broad to the westward.
The temperate zones press towards the equator against western
Africa and Europe, and western America. On the South American
coast this is so marked that a tropical temperature does not
touch the whole coast, except near the equator, and does not even
reach the Galapagos under the equator off the coast, as shown by
the course of the isothermal line of 68°. So in the South Atlantic
the colder waters extend north to within six degrees of the equator,
where the line of 68° leaves the African coast. The continuation
of the Gulf Stream up between Norway and Iceland is shown by
the great loops in the lines of 44° and 35°. The effect of the
Labrador or polar current in cooling the waters on the coast of
America is also well exhibited in the bending southward near the
coast of all the lines from 68°to 35°. The polar current is even more
strongly marked in the same way
on the Asiatic coast. The lines
from 74° to 35° have long flexures
southward adjoining the coast, and
the line of 68° comes down to within
15 degrees of the equator. These
waters pass southward mostly as a
submarine current, and are felt in
the East Indies, making a south-
ward bend in the heat-equator.

Fig. 31.

In figure 31 the elliptical line (A’B’ A B) represents the course of the current
in an ocean south of the equator (E Q). If now the movement in the circuit
were equable, an isothermal line, as that of 68°, would extend obliquely across,
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as n n: it would be thrown south on the west side of the ocean by the warmth
of the torrid zone, and north on the east side by the cooling influence derived
from ijts flow in the cold-temperate zone. But if the current, instead of being
equable throughout the area, were mainly apparent near the continents (as is
actually the fact), then the isothermal line should take a long bend near the
coasts, as in the line A’ 2/ r r r » A, or a shorter bend A’s &', according to the
nature of the current. This form of the isothermal line of 68° on the chart,
hence, indicates the existence of the circuit movement in the ocean, and also
some of its characteristies.®

45. The following are some of the uses of this subject to the
geologist :—

1. A wide difference is noted between the water-temperatures of
the opposite sides of an ocean. The regions named temperate and
sub-temperate occupy the most of the Mediterranean Sea, and the
Spanish and part of the African coast, on the European side, and
yet have no existence on the American, owing to the meeting at
Cape Hatteras of the cold northern waters with the warm southern.
Compare also other oceans and coasts on the map.

2. Consequently, the marine productions of coasts or seas in the
same latitudes differ widely. Corals grow at the Bermudas in 34°
N.,where the warmth of the Gulf Stream reaches, and, at the same
time, are excluded from the Galapagos under the equator. Other
examples of the same principle are obvious on the chart.

3. The west side of an ocean (as in the northern hemisphere)
feels most the cold northerly currents when the continent extends
into the polar latitudes; but the east side (as in the southern hemi-
sphere), if the continent stops short of those latitudes. There is
hence in the present age a striking difference between the northern
and southern hemispheres. _

4. Changes of level in the lands of the globe have caused changes
of climates in the ancient world.

5. Knowing the temperature limiting the coral-reefs of the pre-
sent era, or any species of plants or animals, the geologist has a
gauge for comparing the present distribution of temperature and
life with the past.

5. ATMOSPHERIC CURRENTS AND TEMPERATURE.

46. General System.—The system of atmospheric movement has
a general parallelism with that of the ocean. In the tropics the
flow is from the east, constituting what are called the trades; in high-
temperate latitudes it is from the west; and the two pass into one

#* See paper by the author, in Amer. Jour. Sci. [2] xxvi. 231.
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another in mutual interplay. Between these is, in mid-ocean, a
region of calms. The extratropical winds also in part pass on to
the poles, to return, as northeast, north, and northwest winds,
towards the equator.

The cause of the motion is not now considered, as it is here in place only
to present in a comprehensive manner the earth’s exterior features. The
causes varying the directions consist in—(1) the temperature of the land and
ocean; (2) the form of the land (mountains being barriers to a flow, retarding
by friction, etc.); (3) difference of density of cold and warm air; (4) changing
seasons, ete. But these sources of disturbance only modify without suspend-
ing the system of movement.

47. Climate.—Climate, while dependent largely on the latitude,
is modified by the atmospheric and oceanic movements and the
distribution of land and water. A few general facts are here men-
tioned, in order to complete this survey of the earth’s physiography.

1. The land takes up heat rapidly in summer, and, in the north,
becomes frozen and snow-clad in winter. Land-winds may, conse-
quently, be intensely hot or intensely cold ; and hence lands have
a tendency to produce extremes of climate.

A place on the continents having a mean January temperature of 50° (a very
warm temperature for that season) is to be found only in warm latitudes, and
one with a mean July temperature of 50° (a cold temperature for the season)
only in the colder zones of the globe. The mean January temperature of New
York is 313° F., while the mean July temperature is 73°. Now, in North Ame-
rica the January isothermal line of 50° almost touches the Gulf of Mexico, and
the July line of 50° passes near the mouth of Mackenzie River, or the arctic
circle,—the extreme winters and intense summers causing this great change.
In Asia, again, the January line of 50° runs just north of Canton, near 26°N.,
and the July line of 50° touches the Arctic Ocean at the mouth of the Lena, in
72° N., making a difference of 46° of latitude, or nearly 3000 miles, as the effect
of the land on the climate.

2. The waters of the oceans remain unfrozen even far into the
Arctic, unless crowded with lands, their perpetual movements tend-
ing to produce a uniformity of temperature over the globe; and
hence winds from the oceans or any large body of water are
moderating, and never very cold. They produce what is called an
insular climate.

Great Britain is tempered in its climate by its winds and the oceanic current
(the Gulf Stream). Fuegia, which is almost surrounded by water, also has an
insular climate,—the winter’s cold falling little below 32°, although below 56°
S. latitude.

3. Absence of land from high latitudes is equivalent to an
absence of the source of extreme cold; and from tropical lati-
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tudes, that of extreme heat; and the sinking of all lands would
diminish greatly both extremes. But sinking high-latitude lands
also diminishes the extreme of heat, since the lands become very
much heated in summer, and this heat is diffused by the winds.
Fuegia, on this principle, has a subalpine climate with alpine vege-
tation ; and Britain might approximate to the same condition if
the Gulf Stream could be diverted into another ocean.

The mean temperature of the Northern hemisphere is stated by
Dove at 60° F., and of the Southern at 56° F., while the extremes
for the globe, taking the annual means, are 80° F. and zero. If there
were no land, the mean temperature would probably be but little
above what it is now, or not far from 60° for the whole globe.

6. DISTRIBUTION OF FOREST-REGIONS, PRAIRIES, AND
DESERTS.

48. The laws of the winds are the basis of the distribution of
sterility and fertility.

1. The warm tropical winds, or trades, are moist winds; and,
blowing against cooler land, or meeting cooler currents of air, they
drop the moisture in rain or snow. Consequently, the side of the
continents or of an island struck by them—that is, the eastern—
is the moister side.

2. The cool extratropical winds from the westward and high
latitudes are only moderately moist (for the capacity for moisture
depends on the temperature); blowing against a coast, and bending
towards the equator, they become warmer, and continue to take up
more moisture as they heat up; and hence they are drying winds.
Consequently, the side of a continent struck by these westerly cur-
rents—that is, the western—is the drier side.

There is, therefore, double reason for the difference in moisture
between the opposite sides of a continent.

Consequently, the annual amount of rain falling in tropical
South America is 116 inches, while on the opposite side of the
Atlantic it is 76 inches. In the temperate zone of the United
States east of the Mississippi, the average fall is about 44 inches;
in Europe, only 32. America is hence, as styled by Professor
Guyot, the Forest Continent; and where the moisture is not quite
sufficient for forests, she has her great prairies or pampas.

The particular latitudes of western coasts most affected by the
drying westerly winds—those between 28° and 32°—are generally
excessively arid, and sometimes true deserts. (W. C. Redfield, in
Amer. Jour. Sci. xxv. 139, 1834, and xxxiii. 261, 1838.)
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The desert of Atacama, between Chili and Peru, the semi-desert
of California, the desert of Sahara, and the arid plains of Australia
lie in these latitudes. The aridity on the North American coast is
felt even beyond Oregon through half the year. The snowy peak
of Mount St. Helen’s, 16,000 feet high, in latitude 43°, stands for
weeks together without a cloud. The region of the Sacramento
has rain ordinarily only during three or four months of the year.

Asthe first high lands struck by moist winds usually take away the
moisture, these winds afterwards have little or none for the lands
beyond. Here is the secona great source of desert-regions. For
this reason, the region of the eastern Rocky Mountain slope, and
the summits of these mountains, are dry and barren; and, on the
same principle, an island like Hawaii has its wet side and its
excessively dry side.

Under the influence of the two causes, Sahara is continued in an
arid country across from Africa, over Arabia and Persia, to Mon-
golia or the Desert of Gobi, in central Asia.

It is well for America that her great mountains stand in the far
west, instead of on her eastern borders to intercept the atmospheric
moisture and pour it immediately back into the ocean. The waters
of the great Gulf of Mexico (which has almost the area of the
United States east of the Mississippi), and those of the Mediterra-
nean, are a provision against drought for the continents adjoining.
It is bad for Africa that her loftiest mountains are on her eastern
border.

It is thus seen that prairies, forest-regions, and deserts are
located by the winds and temperature in connection with the
general configuration of the land.

49. The movements of the atmosphere and ocean’s waters, and
the surface-arrangements of heat and cold, drought and moisture,
sand-plains and verdure, have a comprehensive disposing cause in
the simple rotation of the carth. Besides giving an east and west to
the globe, and zones from the poles to the equator, this rotation
has made an east and west to the atmospheric and oceanic move-
ments, and thence to the continents, causing the eastern borders of
the oceans and land to differ in various ways from the western,
and producing corresponding peculiarities over their broad surface.
The continents, though in nearly the same latitudes on the same
sphere, have thence derived many of those diversities of climate and
surface which, through all epochs to the present, have impressed
on each an individual character,—an individuality apparent even
in its plants and animals. The study of the existing Fauna and
Flora of the earth brings out this distinctive character of each
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with great force ; but the review of geological history makes it still
more evident, by exhibiting the truth in a continued succession of
faunas and floras, giving this individuality a history looking back
to ¢ the beginning.”

The great truth is taught by the air and waters, as well as by the
lands, that the diversity about us, which seems endless and without
order, is an exhibition of perfect system under law. If the earth
has its barren ice-fields about the poles, and its deserts, no less
barren, towards the equator, they are not accidents in the making,
but results involved in the scheme from its very foundation.



PART IL

LITHOLOGICAL GEOLOGY.

50. LitHOoLOGICAL GEOLOGY treats of the materials in the earth’s
structure : first, their constitution ; secondly, their arrangement or condition.

The earth’s interior is open to direct investigation to a depth of
only fifteen or sixteen miles; and hence the science is confined to
a thin crust of the sphere, sixteen miles being but one-five-hun-
dredth of the earth’s diameter.

I. CONSTITUTION OF ROCKS.

51. Rocks.—A rock is any bed, layer, or mass of the material of
the earth’s crust. The term, in common language, is restricted to
the consolidated material. But in Geology it is often applied to all
kinds, whether solid or uncompacted earth, so as to include,
besides granite, limestone, conglomerates, sandstone, clay-slates,
and the like solid rocks, gravel-beds, clay-beds, alluvium, and any
loose deposits, whenever arranged in regular layers or strata as
a result of natural causes.

The constituents of rocks are minerals. But these mineral con-
stituents may be either of mineral or organic origin.

(1.) The material of organic origin is that derived from the remains
of plants or animals. This is the fact with the mass of nearly all
the great limestone formations; for the substance of the rock was
made from shells, corals, or crinoids, triturated into a calcareous
earth by the sea, and afterwards consolidated, just as corals are
now ground up and worked into great coral reef-rocks in the West
Indies and Pacific. In other cases only a small part of a rock is
organic, the rest being of mineral origin. Such rocks usually con-
tain distinct remains of the shells or corals that have contributed
to their formation: these relics, whether of plants or animals, are
called fossils, and the rocks are said to be fossiliferous.

(2.) The material of mineral origin includes all that is not directly

5 49
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of organic origin,—all the sand, clay, gravel, etc., derived from the
trituration or wear of other rocks, or the material from chemical
deposition, like some limestones, or from volcanic action, like lavas
and trap or basalt.

But, whether organic or mineral in origin, the material when in
the rock, though sometimes under the form of fossils, is almost
solely in the mineral condition. The topics for consideration in
connection with this subject are, then, as follow :—

1. The elements constituting rocks.

2. The mineral material constituting rocks.

3. The kinds of rocks.

1. ELEMENTS CONSTITUTING ROCKS.

52. Greneral considerations.—In the foundation-structure of the
globe firmness and durability are necessarily prime qualities,
while in living structures instability and unceasing change are
as marked characteristics.

These diverse qualities of the organic and inorganic world proceed
partly from the intrinsic qualities of the elements concerned in each.

In the igprganic kingdom,—

(1.) The elements which combine with oxygen to become the
essential ingredients of rocks are mainly hard and refractory sub-
stances: as, for example, silicon, the basis of quartz; aluminium, the
basis of clay ; magnesium, the basis of magnesia.

(2.) Or, if unstable or combustible elements, they are put into
stable conditions by combination with oxygen. Thus, carbon,
which we handle and burn in charcoal, becomes burnt carbon (that
is, carbon eombined with oxygen, forming carbonic acid) before it
enters into the constitution of rocks. So all minerals are made of
burnt compounds,—called burnt because ordinary combustion consists
in union with oxygen and the production of stable oxyds. They
are therefore dead or inert in ordinary circumstances, and hence
fit for dead nature. The metals potassium and sodium burn if put in
contact with water, and become oxyds. They are made into these
stable oxyds, potash and soda, before entering as ingredients into
rocks. Caleium also becomes lime,—one of the most refractory of
substances ; and magnesium magnesig,—even more refractory than
lime. Silicon unites with its full allowance of oxygen in order to
form quartz, the most abundant compound in the mineral kingdom
and the least liable to change. Aluminium combines with a satu--
rating quantity of oxygen to form alumina, the constituent of sap-
phire and emery, the characterizing ingredient of clay, and hardly
less universal than quartz.
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In organic nature, on the contrary,—

(1.) The essential elements are combustible substances, and mostly
gases,—oxygen combined with carbon and hydrogen forming plants,
and oxygen with carbon, hydrogen, and nitrogen forming animal
substances.

(2.) The elements in living beings, moreover, are not saturated
with oxygen: they are therefore in an unstable and constrained
condition. Both from their nature and their peculiar condition,
they have a strong tendency to take oxygen from the atmosphere
with which they are bathed or penetrated, and combine with
it. This state of strong attraction for oxygen—for something
not in the structure itself—is the source of activity in the vital
functions, and involves unceasing change as the means of existence
and growth, and a final dissolution of the structure at the cessa-
tion of life.

Hence strength and durability belong to the basement-material
of the globe, and instability to living structures.

But inorganic nature is still not without change. For there are
diversities of attraction among the elements and their compounds.
The changes are, however, slow, and not essential to the existence
of the compounds. The processes of solution, of oxydation and
deoxydation, and other chemical interactions, changes by heat,
and other molecular and mechanical influences, give a degree of
activity even to the world of rocks. But this topic belongs to the
dynamics and chemistry of geology.

53. Characteristic elements.—The elements most important in
rocks are the following:—

(1.) Ozygen.—Oxygen is a constituent of all rocks, and composes
about one-half by weight of the earth’s crust.

Sand is, by weight, more than half oxygen; quartz, the principal material
of sand, is about 53 per cent. oxygen; common limestone, 48 per cent.;
alumina, nearly 47 per cent.; feldspar, 46 to 50 per cent.; common clay, 50
per cent.: and thus it is with the various ordinary rocks. Besides, the atmo-
sphere contains 23 per cent. of oxygen, and water—the material of the oceans,
lakes, and rivers—89 per cent.

(2.) Silicon.—After oxygen, silicon is the element next in abun-
-dance, constituting at least asfourth of the earth’s crust. It is
unknown in nature in the pure state; but combined with oxygen,
and thus forming silica or quartz, it is common everywhere. This
silica is an acid, although tasteless; and its combinations with alu-
mina, magnesia, lime, and other bases (called silicates), along with
quartz, are the principal constituents of all rocks except the lime-
stones. Silica constitutes about 60 per cent. of these ingredients;
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and, including the limestones, 50 per cent. of all rocks. Silicon has
therefore the same prominent place in the mineral kingdom as
carbon in the organic.

Granite and gneiss are nearly three-fourths silica,—half of it as pure quartz,
and the rest as silicates; mica schist and roofing-slate are about two-thirds
silica; trap and lavas are one-half; porphyry, two-thirds; sandstones are
sometimes all silica, and usually at least four-fifths.

Silica is especially adapted for this eminent place among the
architectural materials of the globe by its great hardness, its inso-
lubility and resistance to chemical and atmospheric agents, and
its infusibility. As it withstands better than other common mine-
rals the wear of the waves or streams, besides being very abundant,
it is the prevailing constituent of sands, and of the movable mate-
rial of the earth’s surface, as well as of many stratified rocks; for
the other ingredients are worn out by the quartz under the con-
stant trituration. It is also fitted for its prominent place by its
readiness in forming siliceous compounds and the durability of
these silicates. Moreover, although infusible and insoluble, many
oxyds enable heat to melt it down and form glass; or, if but a trace
of alkali be contained in waters, those waters, if heated, have the
power of dissolving it; and, thus dissolved, it may be spread
widely, either to enter into new combinations, or to fill with quartz
fissures and cavities among the rocks, thereby making veins and
acting as a general cement and solidifier.

Its applications in world-making are, therefore, exceedingly
various. In all, its action is to make stable and solid.

(8.) Aluminium.—Aluminium is a white metal, between tid and
iron in many of its qualities, but as light as chalk. Combined with
oxygen it forms alumina (A1?0?), the basis of clay. This alumina
is the gem sapphire, which is next in hardness to the diamond,
and of extreme infusibility and insolubility. Alumina is the most
common base in the silicates, thereby contributing to a large part
of all siliceous minerals, and therefore of all rocks., With quartz
these compounds (aluminous silicates) make granite, gneiss, mica
schist, syenite, and some sandstones, and alone they form porphyry
and other igneous rocks. Nearly all the rocks, except limestones
and some sandstones, are literally ore-beds of the metal aluminium.

(4.) Magnesium.—This metal combined with oxygen forms mag-
nesia (MgO), a very refractory and insoluble base, producing with
silica a series of durable silicates, very widely distributed: some are
quite hard, as hornblende and pyroxene; others are soft, and have
a greasy feel, like talc, soapstone, and serpentine.
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Unlike alumina, magnesia unites with carbonic acid, forming car-
bonate of magnesia (Mg0O,C0?).

(5.) Calcium.—The oxydeof the metal calcium is common quick-
lime. Like magnesia, it enters into various silicates; and it also
forms a carbonate, carbonate of lime (Ca0,C0?%), and this carbonate is
the material of limestones. Moreover, with sulphuric acid and water
it forms sulphate of lime, or gypsum.

The peculiar position of lime in the system of nature is that of
a medium between the organic and inorganic world. Carbonate of
lime is soluble in water which holds a little carbonic acid in solu-
tion ; and both this and the sulphate are found in river, marine, and
well waters. It is made into shells, corals, and partly into bone
by animals, and then turned over to the inorganic world to make
rocks. Lime is, therefore, the medium by which organic beings aid
in the inorganic progress of the globe, as above stated: far the
greater part of limestones have been made through the agency
of life, either vegetable or animal.

Lime also unites with phosphoric acid, forming phosphate of lime,
the essential material of bone, and a constituent also of other
animal tissues. Like the carbonate, this phosphate is afterwards
contributed to the rock-material of the globe, and is one source
of mineral phosphates.

(6.) (7.) Potassium and sodium.—Potassium is the metallic base
of potash, and sodium of soda. The alkalies potash and soda,
besides some other oxyds, form glass or fusible compounds with
silica ; and this fact indicates one of their special functions in the
earth’s structure. Silica, alumina, and the pure silicates of alu-
mina are quite infusible; but by the addition of the alkalies, or
the oxyds of iron or lime, fusible compounds are formed. And,
as the earth’s early history was one of universal fusion, the alkalies
performed an important part in the process, as they have since in
all igneous operations. .Feldspars, which are found in all igneous
rocks, are silicates of alumina with potash, soda, or lime. A heated
solution of potash or soda will also dissolve silica, and so aid in
distributing quartz or making silicates.

Sodium is likewise the basis of common salt in sea-water.

(8.) Iron.~Iron combines with oxygen and forms two com-
pounds, a protoxydeal’eO, and a sesquioxyd: Fe?0?% and one or the
other occurs.along with alumina, magnesia, or lime in many sili-
cates, which are mostly fusible. Silica and magnesia or lime with
protoxyd of iron make part of the very abundant mineral Aorn-
blende, found in syenite, hornblendic slate, etc.; and also the
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equally common pyrovene, characteristic of the heavy, dark-colored
lavas.

(9.) Carbon.—Carbon is well known in three different states,—that
of the diamond, the hardest of known substances, that of graphite
or black lead, and that of charcoal. Combined with oxygen it
forms carbonic acid (CO?); and carbonic acid combined with lime
makes carbonate of lime, or common limestone ; with magnesia,
carbonate of magnesia, or magnesite; with protoxyd of iron, car-
bonate of iron, or spathic iron ; etc.

Carbonic acid exists in the atmosphere, constituting ordinarily
about one part in twenty-five hundred by weight.

This acid is the only acid in the mineral kingdom, in addition to silica, which
enters very largely into the constitution of rocks; and, while silica has alumina
and other sesquioxyds wholly to itself, carbonic acid shares with it in the mag-
nesia, lime, and alkalies, that is, in all the protoxyds. Carbon, we have said,
performs as fundamental a part in living nature as silicon in dead nature; and
it is mainly through living beings that it reaches the mineral kingdom and forms
limestones and coal-beds. The dcposits of carbonate of lime that have been
produced by direct chemical deposition from the waters of the globe are small
compared with those made of organic remains of plants or animals.

The nine elements above mentioned, oxygen, silicon, aluminium, magnesium,
calcium, potassium, sodium, tron, and carbon, are the prominent constituents of
rocks, making up 977-1000ths of the whole.

(10.) Swlphur.—~Sulphur exists native in volcanic and some other regions.
In combination with various minerals it forms ores called sulphurets, as sul-
phuret-of irom, or pyrites, sulphuret of copper, sulphuret of silver. But these
sulphurets do not constitute properly beds of rock; although one of them,
pyrites, is very abundant. Sulphur forms with oxygen two acids, sulphurous
acid (S02), and sulphwric acid (SO3%). Sulphuric acid united with lime makes
sulphate of lime, or gypsum, which sometimes occurs in extensive beds. There
are also.many other sulphates, but none as true rock-constituents.

(11.) Hydrogen with oxygen constitutes water; and water, besides being
dbundant over the earth’s surface, is a constituent of many minerals. Gypsum
contains 21 per cent., serpentine 13 per cent., talc 5 per cent.

" (12.) Chlorine with sodium forms chlorid of sodium, or common salt, which is
found in large beds, as well as dissolved in sea-water and brine-springs.

(13.) Nitrogen is an ingredient of the atmosphere,—making 77 per cent. of it.
With oxygen it forms nitric acid (NO%); but no nitrates enter prominently into
the structure of rocks.

The thirteen elements mentioned are all that occur as important
rock-constituents. Others require attention in discussing topics
connected with chemical geology, in which department the pro-
foundest knowledge of chemistry and mineralogy is none too much.
But in a general review of rocks only these thirteen need be con-
sidered.
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2. MINERALS CONSTITUTING ROCKS.*
1. Quartz, and Silicates containing alumina, without water.

54. (1.) Quarrz.—Quartz is the first in importance. It occurs in
crystals, like figs. 32 and 33; also massive, with a glassy lustre.
Hardness too great to be scratched with a knife; varies in color
from white or colorless to black, and in trans-
parency from transparent quartz to opaque.
It has no cleavage,—that is, it breaks as easily /A\ /ﬂ‘
in one direction as another, like glass. Be-
fore the blowpipe it is infusible, unless heated H ﬂ ua
with soda, when it fuses easily to a glass.
Clear kinds are called lmpid quartz; violet \v’ \‘7/
crystals are the amethyst ; compact translucent,
with the colors in bands or clouds, agate; or without bands or clouds,
chalcedony ; massive, of dark and dull color, with the edges trans-
lucent, flint ; the same with a splintery fracture, hornstone ; the same
more opaque, lydianstone or basanite ; the same of a dull red, yellow,
or brown color, and opaque, jasper; in aggregated grains, sandstone
or quartzite; in loose, incoherent grains, ordinary sand.

Silica also occurs in another state, constituting opa/, a well-known
mineral. In this state it is easily dissolved in a heated solution of
potash, while quartz is not so dissolved. Opal usually contains some
water, and is a little softer than quartz.

55. (2.) FeLpspar.—Feldspar is next in abundance to quarta.
Under this name several species are included, all of which contain
silica and alumina ; but one has, in addition, potash, and is a potash-
Jeldspar ; another, soda,—a sodafeldspar; another, lime,—a lime-feld-
spar; and others, both soda and potash, or soda and lime. They
are all similar in being nearly as hard as quartz; in having a lustre
somewhat like quartz, though partly pearly on smooth faces; in
general, only light colors, white and flesh-red being most common ;
also a broad, even, lustrous cleavage-surface, with a second cleavage
nearly or quite at right angles with the other, and but little less
perfect. Specific gravity, between 2.4 and 2.8. Before the blowpipe,

Fig. 82.  Fig. 33.

* The ordinary characters by which minerals are distinguished are—relative
hardness, as ascertained by a file, a point of a knife, or by scratching one mine-
ral with another; specific gravity, or relative weight; lustre and color ; crystal-
line form ; cleavage (cleavage being a facility of cleaving or breaking in some
one or more directions, and affording even, lustrous surfaces, as in mica, gypsum,
feldspar); fusibility ; chemical composition.
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melts with difficulty. The lustrous cleavage-surface serves to
distinguish it from quartz when the two occur together, as in
granite.

In the feldspars the ratio of the alumina to the protoxyd bases (potash, soda,
or lime) is uniformly 1:1.

a. ORTHOCLASE, or potash-feldspar, is the most common, and is often called
common feldspar. Crystals as in the annexed .
figures (monoclinic). The two cleavage- L& 3% Fig. 35.
planes are at right angles with one another. a ,’
Colors, usually white or flesh-red. Compost- J
tion: Silica, 64.8, alumina, 18.4, potash, 16.8 i q

= 100. Ratio of the potash, alumina, and ~
silica, 1:1:4. VAR CAN fﬁ

b. ALBITE, or soda-feldspar, is also common.

Color, generally white, whence the name (from the Latin albus, white). Crystals,
triclinic; the two cleavage-planes incline to one another at the angle 93° 36’.
Plane O of crystals often striated in only one direction. Composition: Silica,
68.7, alumina, 19.5, soda, 11.8. Ratio of the soda, alumina, and silica, 1:1:4.
Some albites contain a little potash, and some orthoclases a little soda.

c. OLIGOCLASE, a lime-and-soda feldspar. Resembles albite in crystallization
and appearance. Ratio of the protoxyds (lime and soda), alumina, and silica,
1:1:3. Andesine is another lime-and-soda feldspar. Ratio of the protoxyds,
alumina, and silica, 1:1:2%. They are distinguished from albite with difficulty
without chemic¢al analysis.

d. LABRADORITE, or lime-feldspar. Colorless to grayish and smoky brown,
and usually with beautiful internal reflections. Crystallization nearly as in
albite. Composition : Silica, 53.1, alumina, 30.1, lime, 12.3, soda, 4.5. Ratio of
protoxyd bases, alumina, and silica, 1:1:2.

e. ANORTHITE is another lime-feldspar, but of less common occurrence, being
mostly confined to certain volcanic rocks. Composition: Silica, 43.2, alumina,
36.8, lime, 20.0. Ratio of lime, alumina, and silica, 1:1:13.

Anorthite and labradorite differ from the other feldspars in containing pro-
portionally less of silica and being decomposable easily by acids.

56. (3.) Mica.—Readily distinguished by its splitting easily into
very thin elastic leaves or scales,—even thinner than paper,—and its
brilliant lustre. It is colorless to brown, green, reddish, and black.
It may occur in small scales,—as common in granite as one of its
constituents,—or in plates a yard in diameter.

As with the feldspars, mica is a silicate of alumina and different bases with
usually some fluorine, and is of several kinds, which differ in composition and
optical characters more than in appearance. Some of the varieties resemble
tale and chlorite, from which they differ in being elastic (unless weathered).

a. MUSCOVITE, or common mica, is a potash-mica. Its erystals, when distinct,
are oblique prisms, and by polarized light it affords two sets of rings, with the
angle between the two axes 60° to 75°. Composition : Silica, 48, alumina,
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36, sesquioxyd of iron and manganese, 5.0, potash, 10, fluorine, 1.0. A variety
called lepidolite has often a violet color and contains lithia.

b. PHLOGOPITE.—A magnesia-mica. Crystals right prisms, rhombic or hexa-
gonal, Color, yellowish-brown to white, often a little like copper in its reflections.
By polarized light, biaxial, with the angle between the axes 5° to 20°. Contains,
besides silica, alumina, and magnesia, some potash and oxyd of iron. Found
mostly in erystalline limestones.

c. Brotite.—A magnesia-mica, usually containing much oxyd of iron. Crys-
tals right or oblique prisms. Color, often black, and greenish black; rarely
white. By polarized light, nearly or quite uniaxial, the angle between the axes,
when distinetly biaxial, but 1° or 2°. Contains, besides silica, alumina, and mag-
nesia, much oxyd of iron and some potash.

57. (4.) GARNET.—Crystals usually dodecahedrons (fig. 36, imbedded in the
rock), trapezohedrons (fig. 37), and combinations of these forms, and commonly
imbedded in gneiss, mica slate, and other crystalline rocks. Color, clear wine and
cinnamon red to reddish-brown and black; rarely green. Hardness equal
to that of quartz, and therefore not scratched by a knife. G.=3.1-4.3, the
heavier kinds containing much iron. Before the blowpipe, fuses rather easily.
Composition : Silica and alumina, with either lime, magnesia, or oxyds of iron,
and sometimes protoxyd of manganese or chromic oxyd. The lime variety
(cinnamon-stone) contains silica, 40.1, alumina, 22.7, lime, 37.2. But some oxyd
of iron is generally present; and common garnet contains silica, 36.3, alumina,
20.5, protoxyd of iron, 43.2. The ratio of protoxyds, peroxyds, and silica is
1:1:2.

Idocrase resembles garnet closely in color, composition, and fusibility, but
is square-prismatic in its crystals, and brownish in color like some brown
garnet and tourmaline,

(5.) Levcire.—In trapezohedral erystals like garnet, but white or gray and
without cleavage. Hardness nearly that of feldspar. G.= 2.45-2.5. Occurs
in Vesuvian lavas in crystals and grains. Composition : Silica, 55.1, alumina,
23.4, potash, 21.5.

58. (6.) ErmpoTE.— Crystals oblique prisms (monoclinic). Also occurring
massive, with a granular or columnar structure. Prevailing color, a peculiar
yellowish green, but varying to brown, ash-gray, and white. Hardness = 6-7, or
nearly that of quartz. G.=3.2-3.5. Composition: Constituents, same essan-
tially as in garnet, but ratio 3:2:3. There is a lime variety, containing silica,
42.5, alumina, 31.5, lime, 26.0; and a lime-and-iron variety, containing silica,
39.5, alumina, 19.5, peroxyd of iron, 17.0, lime, 24.0.
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59. (7.) Scapouite.—Crystals square and eight-sided prisms, and often large
and cleaving imperfectly parallel to the sides of the square prism. (See fig. 38.)
Color, white, gray, or greenish gray, and looking much like feldspar, though

Fig. 38.

distinet in ecrystallization and cleavage. Hardness but little below that of
feldspar. G.=2.6-2.75. Composition : Silica, 49.3, alumina, 27.9, lime, 22.8,
but usually containing some soda.

60. (8.) AxpArusiTE.—Occurs in whitish or grayish prismatic ecrystals,
nearly square (angle of 90° 44'), and often having the interior tessellated with
black (fig. 39), in which case it is usually called macle, or chiastolite. Hard-
ness, if pure, greater than that of quartz. G.=3.1-3.2. Before the blowpipe,
infusible. Composition: Silica, 37.0, alumina, 63.0.

61. (9.) StauroTIDE.—In rhombic prisms of a large angle (129° 20’), often
having the acute edges removed so as to be six-sided. Often in crossed crystals
(fig. 40), whence the name, from the Greek
oravpos, a cross. Crystals usually thick
and coarse, sometimes fine lustrous. Color,
brown to black. A little harder than
quartz. G.==3.5-3.756. Before the blow-
pipe, infusible.  Composition: Silica, 29.3,
alumina, 53.5, peroxyd of iron, 17.2.

62. (10.) Kyanite.—In flattened, blade-
like, rarely thick prisms, blades often
aggregated into masses. Color, sky-blue
to white, usually deeper blue along the
middle. Hardness of the extremities of the prisms as great as that of quartz.
G. = 3.5-3.7. Before the blowpipe, infusible. Same composition as anda-
lusite.  Sillimanite is similar in composition, but
has a brownish to grayish color, a brilliant cleavage Fig. 41. Fig. 42.

i irecti i into fib 5 Z
in one direction, and it often runs into fibrous forms / Q

Fig. 4.

G. = 3.2-3.3.

63. (11.) TourMALINE.—In three, six, nine, or
twelve-sided prisms (figs. 41, 42), without vertical
cleavage, and when black a little pitch-like in the
crgss-fracture. Color, commonly black ; also brown;
rarely green, and pink or carmine-red. As hard as
quartz. G.=2.9-3.3. The crystals are thick or coarse, and often penetrate
quartz (fig. 43) in long black prisms as large as a goose-quill ; also found in mica
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schist in long or short prisms, frequently as large as the finger, or larger, and
in soapstone in black or brown erystals, long or short. Before the blowpipe

Fig. 43.
Fig. 44.  Fig. 45.

the common varieties fuse easily. Composition peculiar in the presence of
boracic acid ; the other constituents, besides silica and alumina, are commonly
some magnesia, oxyd of iron, soda, and fluorine.

64. (12.) Topaz.—In rhombic prisms (figs. 44, 45) of 124° 19/, having a bril-
liant and easy cleavage parallel to the base. Sometimes columnar-massive.
Color, pale yellow, white, brown; often transparent. Harder than quartz.
G.= 3.4-3.7. Before the blowpipe, infusible. ~Composition peculiar in the large
amount of fluorine present ; contains—Silica, 35.27, alumina, 54.92, fluorine, 17.14.

BeryL.—In regular six-sided prisms, without distinct cleavage. Color,
usually pale green; in the emerald—a variety of beryl—deep and clear green;
also yellowish, Dbluish, brownish, white. ~Hardness above that of quartz.
@G.==2.65-2.75. Infusible. Composition peculiar in containing glucina. Com-
position: Silica, 66.9, alumina, 19.0, glucina, 14.1 = 100.

2. Protoxyd-Silicates, not containing water.

65. (13.) HornBLENDE (often called AMpriBoLE).—In oblique prism-
atic crystals (monoclinic) of 124° 307, with cleavage parallel to the
faces; often having the acute edges truncated so as to be six-sided
and approach a regular hexagonal prism. The crystals often long
and thin (fig. 48), or aggregated into masses, or penetrating the
rock (fig.49); sometimes short and stout (figs. 46 and 47).  Color,

Fig. 46. Fig. 47.

A717

black and greenish-black, common either in distinct, stout crystals,
or fibrous; also in short and stout green crystals; also in long
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green prisms and fibrous masses, when it is called actinolite; or in
grayish and brownish-green fibrous or acicular forms, when it is
called anthophyllite; also in long white prisms and fibrous masses,
when it is called tremolite; also in short, thick, white prisms, called
white hornblende; also in very delicately-fibrous masses, the fibres
flexible like flax, when it is called asbestus; also in rock-masses
made of coarse cleavable grains. Hardness nearly or quite that
of feldspar. Hornblende rocks, very tough. Before the blowpipe,
somewhat fusible. Composition: Silica, with magnesia, lime, prot-
oxyd of iron (and sometimes protoxyd of manganese), with occa-
sionally a little alumina. A /lime-and-magnesia variety contains—
Silica, 60.7, lime, 12.5, magnesia, 26.8; an iron-and-magnesia variety—
Silica, 58.6, magnesia, 25.9, protoxyd of iron, 15.5.

(14.) PyroxenE (often called Auvcite).—In oblique prismatic crys-
tals (monoclinic) of 87° 5/, and therefore nearly square, with cleav-
age parallel to the faces, often having all four edges replaced so as
to make an eight-sided prism. In colors, hardness, specific gravity,
and composition, like hornblende. Cleavable, massive kinds of a
dingy grayish-green color are called saklife. In
volcanic rocks the crystals are black, rather
small, and like ﬁgs. 50 and 51 in form ; in meta-

morphic rocks they are usually grayish green, q Hl"
ii

Fig. 50.  Fig. 51.

and often large and coarse. In serpentine dial-

lage is common, and with labradorite Ayper-

sthene frequently occurs. Before the blowpipe,

like hornblende; some foliated varieties infusible. Composition :
The pale-green varieties contain—Silica, 55.7, magnesia, 18.5, lime,
25.8. Others of dark-green and black colors, Silica, 53.7, magnesia,
13.4, lime, 24.9, protoxyd of iron, 8.0; or, Silica, 48.6, lime, 22.5,
protoxyd of iron, 28.9.

If thinfoliated, the brittle folia often partly separable, called
hypersthene when brownish green or bronze-like, and diallage when
grass-green.

(15.) CurysoriTE.—In small grains disseminated through basaltic
rocks and many lavas, also in imbedded masses and rectangular
crystals. Appearance glassy,and often dark green like bottle-glass,
(a variety called ofivine); also pale green. Hardness nearly that of
quartz. G.=3.3-3.5. Infusible, excepting some kinds contain-
ing much iron. Composition: essentially a silicate of magnesia, or
magnesia and iron; a common kind contains—Silica, 41, magnesia,
50, protoxyd of iron, 9.

(16.) CHONDRODITE.—In large and small grains or masses imbedded usually
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in granular limestone. Color, pale yellow and brownish yellow. Brittle, without
cleavage or much lustre. Hardness, as with chrysolite. G. = 3.1-3.24. Com-
position : nearly like chrysolite, but containing fluorine : Silica, 33, magnesia, 56,
protoxyd of iron, 3, fluorine, 8. ’

3. Protoxyd-Silicates containing water.

66. (17.) Tarc.—In foliated masses; folia flexible, but not elastic;
also compact-massive, very soft, and having a greasy feel, either
granular, or very compact without any appearance of grains, when
it is called soapstone or steatite. G.=2.5-2.8. Before the blowpipe,
infusible. Composition: a silicate of magnesia; Silica, 62.12, mag-
nesia, 32.94, water, 4.94.

(18.) SerreNTINE.—Usually massive, without cleavage or any gra-
nular texture, and soft enough to be scratched easily by a knife.
Sometimes thin-foliated, with the folia brittle ; also delicately fibrous,
and then often called amianthus and chrysotile. Sometimes in rectan-
gular and rhombic prisms. Color, dark to light green. Before the
blowpipe, fuses with difficulty on thin edges. G.=2.2-2.6. Com-
position: Silica, 43.6, magnesia, 43.4, water, 13.0.

(19.) Crvorrre.—Thin micaceous, like mica, but folia nof elastic,
and color olive-green, rarely whitish. Commonly massive, with a
fine granular texture, and of massive varieties. Quite soft, so as to
be cut easily with a knife. G.==27-3. Before the blowpipe,
more or less fusible. = Composition: Silica, 27.2, alumina, 23.1,
magnesia, 13.5, protoxyd of iron, 24.2, water, 12.1. This mineral
contains alumina, like those of the following subdivision ; but its
magnesia gives it its character, and it is usually associated with
other magnesian rocks.

Clinochlore and ripidolite are names of other chlorites. (See author’s Mine-
ralogy.)

4. Alumina-Silicates containing water.

67. (20.) AGALMATOLITE.—A compact material, resembling steatite, without
any distinet grain, white or grayish in color, and easily cut with a knife. It is one
of the kinds of materials cut into images in China. Specific gravity, 2.7-2.9.
It is a silicate of alumina and potash, containing about 46 per cent. of silica, 32
of alumina, 8 of potash, and 7 per cent. of water, with traces of some other in-
gredients. The Parophite of Hunt is a rock of similar composition, from Canada;
and the dysyntribite of Shepard is a related compound, from northern New
York, of grayish green, brownish, and other shades of color. In the vicinity
of the dysyntribite large hexagonal erystals have been found, resembling the
@ieseckite of Greenland, and showing that gieseckite also belongs here, as ascer-
tained by G. J. Brush. These crystals, and also the gieseckite, are supposed
to be altered nepheline.
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PYROPHYLLITE.—A mineral resembling tale in its appearance and soapy feel,
but consisting of silica, 66, alumina, 29, water, 5. There is a massive waxy
variety, which resembles the pagodite and some soapstone. The massive pyro-
phyllite differs from pagodite in containing no alkali and more silica. The
preceding hydrous silicates of alumina-have the soapy feel of tale, a hydrous
silicate of magnesia, and by most persons would on first examination be pro-
nounced magnesian. They are the basis of a slaty rock much like talcose slate,
but containing no magnesia,—a point of interest to the geological observer.

68. (21.) ZroLITES and related minerals.—The zeolites are hydrous minerals,
consisting of silica and alumina, with lime or an alkali. They resemble the
feldspars closely in composition, but contain water, are less hard and more
fusible. They occur in cavities and veins in igneous rocks, or disseminated
through the mass of the rocks; also in cavities in granite and some other feld-
spathic rocks. The following are the more prominent :—

a. Analeime: occurs in trapezohedral erystals, glassy and clear, or white.
Hardness a little less than that of feldspar.

b. Chabaxzite : in rhombohedral crystals, nearly cubie, white and reddish.

c. Natrolite: in fibrous masses and acicular crystals, usually white, without
a pearly cleavage., Scolecite closely resembles natrolite.

d. Stilbite : in flattened prisms with dihedral summits, and having a broad,
pearly cleavage-surface parallel to one face of the prism; prisms often grouped
into sheath-like forms, and usually white.

e. Heulandite : in rhomboidal prisms, with pearly basal cleavage, often trans-
parent, and usually white.

Composition :

Analeime = Silica, 54.6, Alumina, 23.2, Soda, 14.0, Water, 8.1.

Chabazite “ 48.2, “ 20.0, Lime, 10.8, “ 21.0.
Natrolite 474, « 26.9, Soda, 16.2, «“ 9.5.
Scolecite “ 46.0, “ 26.1, Lime, 14.2, “ 130,
Stilbite “ 57.6, « 16.3, « 8.9, “ 16.3.
Heulandite “ 0 59.3, “ 16.8, “ 9.2, “ 14,

They resemble the feldspars in having the same ratios between the prowpxyds,
sesquioxyds, and silica, this ratio being—in IHeulandite 1:1:4; in Stilbite
1:1:3; in Natrolite 1:1:2; in Chabazite 1:1:23; in Analecime 1:1:23.

/. PREENITE is a species related to the zeolites, and similar in its modes of
occurrence. It is harder, the hardness being that of feldspar. The surface is
usually clustered, convex, and crystalline; the color, pale green to white;
translucent. G. = 2.8-3.0. Before the blowpipe, intumesces and melts. Com-
position : Silica, 43.8, alumina, 24.8, lime, 27.1, water, 4.3.

5. Carbonates.  Sulphates.

69. (22.) Cavcir, or Carborate of Lime.—Crystals rhombohedral or
hexagonal, with perfect cleavage parallel to the faces of a rhombo-
hedron the obtuse angle between whose faces (or R on R, fig. 52 4)
is 105° 5. Forms various, a few of which are shown in the figures.
Crystals often transparent; massive kinds granular, as in statuary-
marble, or opaque and earthy, as in common limestones. Colors,
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from white to yellowish, reddish; grayish-brown to black when
impure. Easily scratched with a knife. G.=2.5-2.8. Crystalline

Fig. 52. Fig
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varieties readily distinguished by the angle, 105° 5/, between the
cleavage-faces ; and all kinds by the low degree of hardness, ready
effervescence when touched with a drop of dilute muriatic acid, and
infusibility. When burnt, it becomes quicklime. Composition: Car-
bonic acid, 44.0, lime, 56.0.

The same compound, carbonate of lime, occurs under a prismatic erystalline
form, and is then called Aragonite: it is casily recognized by the absence of the
rhombohedral cleavage, and also by means of polarized light. It is somewhat
harder than calcite. G.— 2.9-3.0. In shells the pearly part is Aragonite,
while the rest is usually calcite.

(23.) MacxyEsITE.—Crystals rhombohedral or hexagonal, like ecalcite, with
the angle between two planes R 107° 29’; but usually massive, and often look-
ing like porcelain biscuit. Harder than calcite. Color, white. G.=—2.8-3.
Infusible: no immediate effervescence when touched with dilute acid, though
dissolving when powdered and heated with acid. Composition: Carbonic acid,
52.4, magnesia, 47.6.

(24.) DoromiTe.—Rhombohedral, as in calcite, with R on R = 106°
15/.  Also massive, constituting much of the white architectural
marble, and some earthy limestones. G.=2.8-3.0. Distinguished
from calcite by not affording effervescence when touched with
dilute acid, unless heated. It is a carbonate of magnesia and lime,
containing carbonate of lime, 54.4, carbonate of magnesia, 45.6.

@ v
&

(25.) CHALYBITE.—A carbonate of the protoxyd of iron, having the same
crystallization as carbonate of lime or calcite, but higher specific gravity (G.=
3.7-3.9), somewhat greater hardness, and a grayish or brownish color becoming
deep brown on exposure.

70. (26.) Gypsum.—Crystals as in the figures 54 and 55, an oblique
(monoclinic) prism, with very perfect cleavage in one direction,
affording large pearly plates, which bend in one direction and
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break in another, and are inelastic. Also fibrous, with satin lustre.
Also \earthy, massive, of dull gray and other colors. Very soft,
so as easily to be cut with a knife. . .

The white, compact kind is ala- Fig. 54. Fig. 55.

baster. When heated, burns white
and crumbles, losing its water, and
becoming a powder, which is com- _> -

mon “plaster of Paris.”  Composition: Sulphuric acid, 46.51, lime,
32.56, water, 20.93.

(27.) AxaYDpRITE.—The same in composition as gypsum, except that it con-
tains no water. Crystals rectangular, with three distinct and nearly equal
cleavages, affording cubical and rectangular blocks, and thus ecasily distin-
guished from those of gypsum. Color, white, grayish, bluish, and other pale
shades. Hardness near that of caleite. G. = 2.8-3.01. Before the blowpipe,
does not exfoliate like gypsum. Composition: Sulphuric acid, 58.8, lime, 41.2.

6. Additional mineral species.

71. (28.) GrAPHITE, called also Plumbago or Black Lead. The lustre, soft-
ness, and the tracing it leaves are well seen in the common “lead-pencil.” The
structure is either foliated or granular; and sometimes it gives a slaty structure
to a rock. It is essentially pure carbon.

(29.) Pyrites (Iron Pyrites).—In cubes, the adjacent faces
of which are often striated at right angles with one another, as
in the annexed figure (56); also in other forms; also massive.
Color, pale brass-yellow. Hard enough to strike fire with
steel. G. = 4.8-5.1.  Composition: Sulphur, 53.3, iron,
46.7.

(30.) CHALCOPYRITE (or Copper Pyrites).—Resembles iron
pyrites, but is of a deeper yellow color, much softer, being seratched with a
knife, and giving a dark-greenish powder, and when wet with nitric acid a
knife-blade put in the acid becomes coated with copper. Contains sulphur, 34.9,
copper, 34.6, iron, 30.5. There is also a gray sulphuret of copper, called copper-
glance, which has a steel or iron lustre, and consists of sulphur, 20.2, copper, 79.8.
There is still another, which tarnishes readily, and is sometimes called horse-
flesh ore, from the color of the tarnish, which consists of sulphur, 23.7, copper,
62.5, iron, 13.8.

(31.) BLENDE.—In crystals; also massive, cleavable, with a brilliant lustre;
the lustre resinous; the yellow and brown varieties look much like a resin,
and the black variety approaches metallic in lustre; a touch of the point of a
knife affords a white or whitish scratch or powder. Blende is a sulphuret of
zine, containing sulphur 33, zinc 67.

(32.) GALENA.—In cubic and other related crystalline forms, and breaking
readily by cleavage into small cubes; also massive and granular. Color, lead-
gray. Readily cut by a knife, although brittle. G.=7.2-7.7. Galena is
the common lead-ore, a sulphuret of lead, consisting of sulphur, 13.4, lead, 86.6.
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72. (33.) HeMATITE (or Specular Iron). A common iron-ore, having often a
high metallic lustre, though often also red and earthy. Powder deep red or
brownish red. Not attracted by the magnet. As hard as feldspar. Composi-
tion: Oxygen, 30, iron, 70. Titanic iron (Ilmenite) resembles hematite closely,
but has a black powder, and contains titanium with the iron.

(34.) MaenETITE (0or Magnetic Iron-Ore). Crystals octahedrons, and some-
times cubes or dodecahedrons. Iron-black. Powder black. Strongly attracted
by a magnet. G.=4.9-5.2. Composition: Protoxyd of iron, 31.03, peroxyd
of iron, 68.97; or, Oxygen, 27.6, iron, 72.4.

(85.) LimoniTe (Hydrous Sesquioxyd of Iron).—In massive forms; often
also stalactitic and mamillary; black and imperfectly metallic in lustre, or
brown to yellowish-brown, and earthy. Powder yellowish-brown. G.=3.6-4.
Composition : Sesquioxyd of iron, 85.6, water, 14.4; or the same as hematite,
excepting the water. The color of the powder distinguishes this species, as well
as the magnetite, from hematite.

HEeMATITE, Magnetite, and Limonite are the three most common ores of iron.
They are distinguished by the color of their powders.

73. (36.) FLuor SpaAr (Fluorid of Calcium). In cubes, octahedrons, and
other forms, with a perfect and easy cleavage on the angles of the cube; also
massive, granular. Often transparent and glassy; also translucent. Colors,
clear and handsome, blue, purple, yellow, reddish, white; sometimes banded;
receiving a high lustre when polished. When powdered coarsely and thrown
on a shovel heated to just below redness, it phosphoresces finely. Heated
with sulphurie aeid, it gives out vapors which corrode glass. Composition :
Fluorine, 48.7, calcium, 51.3.

(87.) BarYTES (or Heavy Spar, Sulphate of Fig. 57.
Baryta). In tabular erystals (fig. 57), rect- A B
angular or rhombic. Color, white, sometimes 0,
yellowish, reddish. Remarkable for its weight. Wa I
G. = 4.3-4.7.  Composition : a sulphate of L —
baryta = Sulphuric acid, 34.33, baryta, 65.67. B ITAED)
(38.) ApaTite (Phosphate of Lime).—In .%
hexagonal prisms, often large; no good cleav- S———] I
age; also massive. Color, sea-green, bluish- 4

to yellowish-white, often resembling beryl, but y F
much softer, being scratched with the point of ‘Q/
D N\

a knife. Transparent to opaque. G.=3.25.

Composition: Phosphoric acid, 42.26, lime, 0 > &
50.0, fluorine, 3.77, caleium, 3.97. it
(39.) Cuay.—Clay is not a simple mineral. —

It is the material of such rocks as contain feldspar, ground up to an impal-
pable powder. It is therefore often a mixture of finely-ground feldspar and
quartz, in which the former predominates, together usually with other ingre-
dients derived from the rocks, as lime, magnesia, and oxyd of iron, in small
‘'or large proportions. Clay, when baked, makes brick or pottery; and, if it
contains oxyd of iron, it burns red, the oxyd of iron losing in the process the

water which was in combination with it.
6
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Clays which have a peculiar unctuous feel are more or less pure chemical
compounds, consisting of silica, alumina, and water, and related to the mineral
species Halloysite. Halloysite consists of silica, 41.5, alumina, 34.4, water, 24.1,
It results from the decomposition of feldspar. Kaolin, or porcelain clay, is an-
other product of the decomposition of feldspar, consisting usually of silica, 45,
alumina, 40, water, 15. It is a fine white clay, and is used for the finest porce-
lain. Potter’s clay contains more or less of these ingredients, kaolin, halloy-
site, or the allied species.

7. Materials of organic origin.

74. The materials of organic origin—that is, those derived from
plants or animals—may be arranged in four groups.

(1.) The calcarcous, or those of which limestones have been formed:
namely, corals, corallines, shells, crinoids, etc. The specific gravity
of corals is 2.4-2.82; of shells, 2.4-2.86,—the highest from a
Chama (Silliman, Jr.).

(2.) The siliceous, or those which have contributed to the silica
of rocks, and may have originated flints, namely, (a) the micro-
scopic siliceous shields of the infusoria called diatoms, which are
now regarded as plants; (b) the microscopic siliceous spicula
of sponges.

(3.) The phosphatic, or those which have contributed phosphates,
especially the phosphate of lime, as bones, excrements, and a few shells
related to the Lingula. Fossil excrements are called coprolites; or
those of birds when in large accumulations, guano.

The remains of animals have also afforded traces of fluorine.

(4.) The carbonaceous, or those which have afforded coal and resin,
as plants.

Besides these, there is a fifth kind, though of little importance
geologically, viz., the animal tissues themselves. Only in a few
cases do any of these tissues remain in fossils, except in some kinds
of the later geological epochs. These tissues contain traces of phos-
phates and fluorids.

75. (1.) Carcareous.—The following are a few analyses: 1 and 2, corals,
Madrepora palmata and Astrsea Orion, by B. Silliman, Jr.; 3, a shell, by the
same :—

Madrepore. Astreea. Shell (Chama). Oyster-shell.
Carbonate of lime......... 94.81 96.47 97.00 93.9
Phosphate and fluorids. 0.45 0.06 0.5
Sulphate of lime..cooeeree verees e } 2.60 1.4
Earthy matters.. . 0.74
Organic tissues............ 2.73 0.40 3.9
Carbonate of magnesia.. ... ... ... 0.3
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In many shells the inner pearly layer consists of carbonate of lime in the
condition of Aragonite (2 69); while the outer (or the whole, if no part is
pearly) is usually common carbonate of lime, or calcite. The spines of Echini
are calcite.

In corals of the genus Millepora, according to Damour, there is, besides car-
bonate of lime, some carbonate of magnesia, amounting in one species to 19
per cent., while but little in others. These corals have been shown by Agassiz
to be related to the Medusz, and not to the ordinary polyps. Forchhammer
found 6.36 per cent. of carbonate of magnesia in the Isis nobilis, and 2.1 per
cent in the Corallium nobile, or precious coral of the Mediterranean.

The Nullipores and Corallines are vegetation having the power of secreting
lime, like the coral animals. The shells of Rhizopods (called also Polythalamia
and Foraminifera) are calcareous.

The shell of a lobster (Palinurus) afforded Fremy, Carbonate of lime, 49.0,
phosphate of lime, 6.7, organic substance, 44.3.

76. (2.) Sruiceous.—The organic Silica is, in part at least, in that condition
characterizing opal (p.55.) The mineral Randanite is a kind of opal, made of
infusorial remains.

77. (3.) ProsruAaric.—Analyses of bones: 1,2, human bones, according to
Frerichs; 3, fish (Haddock), according to Dumenil; 4, shark (Squalus cornu-
bicus), according to Marchand; 5, fossil bear, id.

1. 2. 3. 4. 5.
Phosphate of lime............ 50.24 59.50 55.26 32.46 62.11
Carbonate of lime.. 9.46 6.16 13.24
Sulphate of 1Mewerrreccrirs wecvee e e } 444 1225
Organic substance. 30.94 37.63 58.07 4.20
Traces of soda, ete. 1.22 3.80 ...
Fluorid of caleiumMu..cveivees vevees eiens eeeens 1.20 2.12
Phosphate of magnesia.... ...... ... . erees 1.03 0.50

In No. 4 a little silica and alumina are included with the fluorid. No. 5 con-
tains also silica 2.12, and oxyds of iron and manganese, etc., 3.46.

The enamel of teeth contains 85 to 90 per cent. of phosphate of lime, 2 to 5 of
carbonate of lime, and b to 10 of organic matters.

Fish-scales from a Lepidosteus afforded Fremy 40 per cent. of organic sub-
stance, 51.8 of phosphate of lime, 7.6 of phosphate of magnesia, and 4.0 of phos-
phate of lime. Other fish-scales contained but a trace of the magnesia-phosphate
and more of organic matters.

Phosphatic nodules, possibly coprolitic, in the Lower Silurian rocks of Ca~
nada (on river Ouelle) afforded T. 8. Hunt (see Am. Jour. Sci. [2] xv. and xvii.),
in one case, phosphate of lime, 40.34, carbonate of lime, with fluorid, 5.14, car-
bonate of magnesia, 9.70, peroxyd of iron, with a little alumina, 12.62, sand,
25.44, moisture, 2.13 = 95.37. In a hollow cylindrical body from the same
region there were 67.53 per cent. of phosphate.

ANALYSES OF COPROLITES ( fossil excrements).—Nos. 1 and 2 by Gregory and
Walker; 3 and 4 by Connell; 5 by Quadrat; 6 by Rochleder (a coprolite from
the Permian).
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1. 2. 3. 4. 5. 6.

Burdie-  Fife-  Burdie- Burdie- Kosch- Oberlan-

house. shire. house. house. titz.  genau.
Phosphate of lime....... e 9.58 63.60 85.08 83.31 50.89 15.25
Carbonate of lime......vuuss 61.00 24.25 10.78 15.11 32.22 4.57
Carbonate of magnesia ... 13.57 289 ciih e e 2.75
Sesquioxyd of iron......... 6.40 trace  weeer weeens 2.08 ...
Alumina . e seaens 6.42 ...
Silica...ieiininne trace 0.34 0.29 014 ...
Organic material. 3.38 3.95 1.47 7.38  74.03
Water.....oovvenrernennns 3.33 e e e eesens
Lime of organic part...... e weer wine e s 1.44
Chlorid of 80diUM.veveevene weeeer s s e seeene 1.96

100.01 97.45  100.15  100.18 99.13  100.00

Analysis of the shell of the recent Lingula ovalis, according to T. S. Hunt
(Am. Jour. Sci. [2] xvii. 237) :—Phosphate of lime, 85.79, carbonate of lime,
11.75, magnesia, 2.80 = 100.34,—or very near the composition of bones. The
shell of species of Orbicula and Conularia was found to have the same com-
position.

78. (4.) CArBONACEOUS.—Mineral coal is essentially carbon, combined usually
with bitumen or some kind of bituminous substance, and more or less earthy
substance (the ash). The varieties are—

A. Anthracite.—Containing no bituminous matter. A hard, lustrous coal,
breaking with a conchoidal fracture and clean surface, and burning with very
little flame, as the coal of Lehigh, Wyoming, and other places of central Penn-
sylvania, also that of Rhode Island.

B. Bituminous coal.—Containing bituminous substances, and therefore burn-
ing with a bright flame. Softer than anthracite, less lustrous, often looking a
little pitchy. The amount of bituminous substances varies from 10 to 60 per
cent., and occasionally reaches 72 per cent. Among the kinds of bituminous
coal there are—

a. Caking Coal. The common variety when caking in the fire from the
exuding bitumen.

b. Cannel Coal. A very compact coal, with an even texture, smooth, clean,
and nearly dull surface, and a conchoidal fracture. The dull lustre gives it the
aspect often of being impure, when not so. The proportion of bitumen is
large.

¢c. Asphaltic Coal. A black and very lustrous coal, looking like pure asphaltum
or mineral pitch. From the Albert mine, Nova Scotia. Four per cent. soluble
in ether, and thirty in turpentine.

C. Lignite is a black or brownish-black coal, having an empyreumatic odor
when burned, and usually retaining something of the texture of the original
wood. It is sometimes called drown coal. It belongs to secondary and more
modern deposits. Jet is a very compact, black, and lustrous lignite. Peat is an
imperfect coal, made mainly from mosses in swamps after a long burial and a
partial alteration of the material. It is sometimes entirely converted into
coal.
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The composition of mineral coal varies much. The following are the results
of some analyses :—

Volatile
combustible Fixed
. matter. carbon. Ash.

Anthracites of Pennsylvania......... 3.84 87.45 7.37 = 98.66 Johnson.
Bituminous, Pittsburg ......c..... . 32,95 64.72 2.31 = 99.98 Johnson.

“ La Salle, Illinois. 39.17 54.19 6.64 = 100  Whitney.
Cannel, Boghead, Scotland ........... 66.35 30.88 2.77 =100  Silliman,

“  Breckenridge co., Kentucky 55.7-71.7 28.3-44.3 7.-12.30 Peter.

“  Wigan, Lancashire,England 50.18 46.42 3.40 =100 Heddle.
Asphaltic coal siiiiiereiiernnininniieens 61.74 36.04 2.22 =100  Silliman.

Ultimate analyses, to determine the proportions of the elements, have given—
the ashes excluded—

Carbon. Hydrogen. Oxygen. Nitrogen.

Anthracite....ieeeeesernens . 94.05 1.75 4.20 0.00 Regnault.
Bituminous.....cceeeswveens 82.2 5.5 12.3 0.00 Bischof.
Cannel, Boghead.......... 80.49 11.24 6.73 0.87 Peter.
Cannel, Breckenridge ... 82.36 7.84 7.05 2.75 Peter.
Asphaltic coal ....ceeeeenes 82.67 9.14 8.19 Wetherill.
Lignite.......uuveeieeiannns 72.3 5.3 22.4 Regnault.
Peat, Provincetown ...... 60.1 6.1 33.8 Vaux.
Peat coal, Westphalia... 80.7 4.1 15.2 Baer.

The ashes consist mestly of silica and alumina, in the ratio of 1 of the former
to 1 or 2 of the latter, with a trace of lime and magnesia; and, in those coals
which afford a red ash, some oxyd of iron, often derived from pyrites mixed
with the coal. In good coals, the ash does not exceed 10 per cent., of which, as
an average, 2 to 4 might be silica, 4 to 7 alumina, and 4 each lime and magnesia,
or oxyd of iron.

Resins of several kinds occur in some coal-beds, especially in those of tertiary
age. Amber is of this kind. They come from the ancient trees, but have been
altered in the course of their long burial.

Fossils.—From the above account of the composition of the hard
parts of organic beings, their influence on the composition of rocks
is readily inferred.

But the fossils themselves seldom retain completely, even in.the
case of such stony secretions as shells and corals, their original
constitution. There is usually a loss of the organic matter. There
is often a further change of the carbonate of lime into a new mole-
cular condition, mianifest in the fact that the fossil has the oblique
cleavage of calcite; and in this change there is a loss of part or all
of the phosphate or fluorid. There is sometimes, again, a change to
dolomite, in which the carbonate of lime becomes a carbonate of
lime and magnesia. In other cases, of very common occurrence, all
the fossils of a rock, whether limestone or sandstone, are changed
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to silica (quartz) by a silicifying process. Silicified trunks of trees,
as well as shells, occur of all geological ages. In some cases fossils
have been altered to an oxyd of iron, or to the sulphuret of iron
(pyrites).

In many cases the fossils are entirely dissolved out by percolating
waters, leaving the rock full of cavities. This happens especially
in sandstones, through which waters percolate easily, and not in
clays, which preserve well the fossils committed to them; and
hence sands, gravel, conglomerates, quartzose sandstones, contain
few organic remains.

3. KINDS OF ROCKS.

9. General subdivisions.—Rocks are conveniently divided into
Sragmental and crystalline.

1. Fragmental—Rocks that are made up of pebbles, sand, or clay,
either deposited as the sediment of moving waters or formed and
accumulated through other means:—as ordinary conglomerates, sand-
stones, clay-rocks, tufas, and some limestones. The larger part of the
rocks here included are made of sedimentary material, and are
commonly called sedimentary rocks. They are stratified rocks,—that

_is, consist of layers spread out one over another. Many of them
are fossiliferous rocks, or contain fossils.

2. Crystalline—Rocks that have a crystalline 'instead of a frag-
mental character. The grains, when large enough to be visible,
are crystalline grains, and not water-worn particles or fragments of
other rocks. Examples, granite, mica schist, basalt.

The crystalline rocks may have been crystallized,—

a. From fusion, like lava or basalt, when they are called igneous rocks.

b. From solution, as with some limestones.

¢. Through long-continued heat without fusion. By this last
method sedimentary beds have been altered into granite, gneiss,
or mica schist, and compact limestone into statuary-marble.

As, in such cases, a bed originally sedimentary has been meta-
morphosed into a crystalline one, rocks of this altered kind are
called metamorphic rocks.

In the following descriptions a separate subdivision is made of
the calcareous rocks or lmestones, which are mostly sedimentary in
original accumulation, but generally lose that appearance as they
solidify.

80. Characteristics of Rocks.—Independently of the characters
above mentioned, rocks differ in kinds:—
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a. First. As to sTRUCTURE: whether—

Mussive, like sandstone, or granite, breaking one way about as easily as
another.

Schistose or laminated, breaking into slabs, like flagging-stone; schistose is
usually restricted to the crystalline rocks, like gneiss and mica schist.

Slaty, breaking into thin and even plates, like roofing-slate.

Shaly, breaking unevenly into plates, and fragile, like the slate or shale of the
coal formation, the Utica slate, etc.

Concretionary, having the form of, or containing, spheroidal concretions;
some varieties are also called globuliferous, when the concretions are isolated
globules and evenly distributed through the texture of a rock.

— b. Second. As to HARDNEsSS and FIRMNESS :

Compact, or well consolidated.

Friable, or crumbling in the fingers.

Porous, so loose or open in texture as to absorb moisture readily.
Uncompacted, or like loose earth.

Flinty, very hard, and. breaking with a smooth surface like flint.

¢. Third. As to the Rock or MINERAL NATURE of the constituents:

Granitic, like granite, or made of granite materials.

Siliceous, consisting mainly of quartz.

Quartzose, same as siliceous; but also consisting largely of quartz in grains,
—a quality expressed by arenaceous, when the rock is mainly made up of quartz
grains.

Micaceous, characterized eminently by the presence of mica.

Calcareous, of the nature of limestone, or containing considerable carbonate
of lime, as a calcareous rock, a calcareous mica schist.

Argillaceous, having a clayey nature or constitution, or containing much clay,
as shale is argillaceous, a sandstone may be argillaceous.

Ferruginous, containing oxyd of iron; sometimes having a red, brownish-red,
or brownish-yellow color in consequence of the disseminated oxyd of iron;
sometimes containing the ore in plates or masses of a metallic lustre.

Pyritiferous, containing pyrites (p. 64) disseminated through the mass, either
in cubie erystals, or in grains or masses.

Buasaltic, made of material derived from basalt; also like basalt.

Pumiceous, made of pumice.

Garnetiferous, containing garnets.

So, also, staurotidiferous, containing staurotide; anthophyllitic, containing
acicular hornblende of the variety anthophyllite.

Sedimentary rocks differ, further (d), as to the mechanical condition
of the constituents: whether—

(@) Rounded stoncs or pebbles; or (b) angular stones; or (c) sand; or
(d) elay.

Crystalline rocks differ, further,—
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e. As to the number and kinds of mineral constituents, as explained
beyond.

/- As to the kind of crystalline aggregation or structure:

Granular (phanero-c¥jstalline, or distinetly crystalline), which may be either
coarse granular, as in granite and much architectural marble, or fine granular,
as in some statuary-marble.

Cryptocrystalline, or concealed crystalline, as in flint, no particles being
distinet.

Granitoid, having each of the mineral constituents separately crystallized
and distinet, as in granite, syenite, diorite.

Other terms bearing on structure are Fig. 58.
as follow :—

Porphyritic—Having the feldspar in
distinet crystals through the mass of
the rock, or speckling it with spots
of white or a light color that are often
rectangular or nearly so (fig. 58).

The term porphyritic is sometimes applied
also where hornblende or pyroxene is in dis-
tinet crystals in the rock-mass, the rock in this case being described as por-
phyritic with hornblende or with pyroxene.

The feldspar cerystals are often double or twin erystals, as shown by a line of
division through the middle (see fig. 58). Granite, diorite, dolerite, and lavas,
as well as porphyry, are sometimes porphyritic, and the feldspar crystals might
be very large or very small.

Homogeneous, having the mineral ingredients not separately dis-
tinguishable, but forming a homogeneous mass, granular or other-
wise, like most trap, or dolerite and argillite.

Amygdaloidal (from amygdalum, an almond). Having numerous sphe-
roidal or almond-shaped cavities, like some trap, dolerite, basalt, the cavities
filled with minerals foreign to the rock, such as quartz, calcite, and the
zeolites.

Scoriaceous.—Slag-like, very open, cellular, or inflated, like the scoria of a
voleano or slag of a furnace.

It should further be observed that a rock—

When Quartz predominates, is hard and often gritty. G. = 2.5-2.8.

Feldspar—hard, usually light-colored. .= 2.5-2.8. Either cleavably
crystalline or eryptocrystalline.

Hornblende and Pyroxene—hard, usually dark-green to black; heavy. G.=
2.8-3.6. Often tough.

Mica—slaty, glistening with mica scales, not very hard, not greasy to the
touch. G, == 2.5-2.8.

Tale—often slaty, somewhat glistening, a greenish color, grayish, brownish,
not very hard; a greasy feel. G.==2.4-2.7.
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Chlorite—often slaty, soft, an olive-green color; but little greasy to the touch.

.= 2.7-3.2.

Serpentine—massive, rather soft, dark or light green; but little greasy to the
touch. G. = 2.4-2.6.

Carbonate of lime—moderately soft, effervescing readily with acids. G. ==
2.5-2.8. Usually massive; white to black.

Carbonate of lime and magnesia, or dolomite—like the preceding ; but not effer-
vescing readily with cold acid.

An easy effervescence with dilute muriatic acid indicates the presence of car-
bonate of lime.

1. Fragmental Rocks, exclusive of Limestones.

81. (1.) CongLoMERATE.—A rock made up of pebbles or fragments
of rocks of any kind. (a) If the pebbles are rounded, the conglo-
merate is a pudding-stone; (b) if angular, a breccia.

Conglomerates are named, according to their constituents,
siliceous or quartzose, granitic, calcareous, porphyritic, pumiceous, ete.,
using these terms as already explained. The cementing-ingre-
dient may be caleareous, siliceous, ferruginous, and occasionally of
other kinds.

(2.) Grir, Grir-Rock.—A hard, gritty rock, consisting of sand and
small pebbles, called also millstone grit and grindstone grit, because used
sometimes for grindstones. Also applied to a hard, gritty sand-
stone, as the paving-stone of the Hudson River.

(3.) SaxpsroNE.—A rock made from sand agglutinated. There
are siliceous, granitic, porphyritic, basallic, or calcareous sandstones,
according to the nature of the material. But the calearcous is
called calcarcous sand-rock rather than sandstone. There are also
compact sandstone, friable sandstone, ferruginous sandstome, concretionary
sandstone.

Micaceous sandstone.—A sandstone glistening with scales of mica.

Argillaceous sandstone.—Containing much clay with the sand; also called
shaly sandstone, when thin-laminated in structure.

Marly sandstone.—Containing carbonate of lime, so as to effervesce when
treated with dilute acid.

Flexible sandstone.—See Ttacolumite, § 88.

(4.) SmaLE.—A soft, fragile rock, made from clay, and having an
uneven slaty structure as explained on page 71. Shales are gray to
black in color, and sometimes of dull greenish, purplish, reddish,
and other shades.

Among the varieties there are—

Bituminous shale.—Impregnated with bitumen, or yielding the odor of bitumen
when struck.
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Coaly shale.—Containing coaly impressions or impregnations.
Alum shale.—Impregnated with alum or pyrites,—usually a crumbling rock.
The alum proceeds from the alteration of pyrites.

(5.) Tura. Pozzvonana.—Tyfa is an earthy rock, not very hard,
made from comminuted volecanic rocks, or volcanic cinder, more
or less decomposed, and often forming beds of great extent. It is
usually of a yellowish-brown, gray, or brown color.

The color varies with the nature of the material :—basaltic rocks or lavas
produce brownish colors (the color is owing to the hydrous oxyd of iron
present, derived from the pyroxene or magnetic iron of the original rock,
altered by the action of water); feldspathic lavas produce light-grayish colors.
Pumiceous tufa, which belongs to the latter division, consists mainly of pumice
in grains and fragments, more or less altered.

Pozzuolana is a kind of light-colored tufa, found in Italy, near Rome and
elsewhere, and used for making an hydraulic cement.

Wacke.—An earthy, dark-brownish rock, resembling an earthy trap or do-
lerite, and usually made up of trappean or doleritic material compacted into a
rock which is rather soft.

(6.) Sanp. GraveL.—Sund is comminuted rock of any kind; but
common sand is mainly comminuted quartz, or quartz and feldspar,
while gravelis the same mixed with pebbles or stones. Occasionally
sand contains scales of mica and has a glistening lustre. Voleanic
sand, or peperino, is sand of volcanic origin, either the “cinders” or
“ashes” (comminuted lava) formed by the process of ejection, or
from lava rocks otherwise comminuted.

(7.) Avvuvium, Sivr. Tinu.—d4/Zuvium is the earthy deposit made by
running streams, especially during times of flood. It constitutes the
flats on either side of the stream, and is usually in thin layers, vary-
ing in fineness or coarseness, being the result of successive deposi-
tions. Silt is the same material deposited in bays or harbors, where
it forms the muddy bottoms and shores. Till is an earthy deposit,
coarse or fine, following the courses of valleys or streams, like allu-
vium, but without division into thin layers, although in very thick
deposits. The tll of the Alpine valleys is formed by the action of
glaciers. Detritus (from the Latin for worn) is a general term ap-
plied to earth, sand, alluvium, and the like.

2. Metamorphic or Crystalline Rocks, not Calcareocus.

82. Metamorphic rocks are made from the sedimentary rocks
above enumerated by some crystallizing process, and vary exceed-
ingly in the perfection of the crystallization they have undergone.
Granite stands at one end of the series, and hard sandstones called
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quartzite, hard slates like roofing-slate, and partially crystallized
limestones, at the other; so that a distinet line between them and
the sedimentary beds cannot always be drawn. They are some-
times called plutonic rocks, to distinguish them from the true
igneous rocks.

The common ingredients are quartz, feldspar of different kinds,
mica, hornblende, pyroxene, tale, epidote, chlorite, serpentine; to which
garnet, andalusite, staurotide, tourmaline, topaz, graphite, may be added as
characterizing a number of varieties. The rocks are aggregates in
general of two or more of the above-mentioned minerals; and, as
the proportions may vary indefinitely, the kinds of rocks are not
in all cases well defined; they graduate into one another through
imperceptible shades.

Metamorphic rocks may, for the most part, be distributed into
three series parallel with one another. These are the mica-bearing
series, containing granite, gneiss, mica schist, etc.; the hornblendic,
characterized by the presence of hornblende or the allied pyroxene,
as in syenite, hornblendic gneiss, etc.; and the Aydrous magnesian
series, containing tale, chlorite, and serpentine rocks. Besides
these, there are other groups, which with the foregoing are de-
seribed beyond in the following order :—

1. Mica-bearing series.

2. Hornblendic series.

3. Feldspathic, epidotic, and garnet rocks, having the mass or body of the
rock compact (eryptocrystalline).

4. Hydrous magnesian series.

5. Hydrous aluminous series, or rocks consisting essentially of agalmatolite
or pyrophyllite.

6. Quartz rocks.

7. Iron-ore rocks.

1. The Mica-bearing Series.

The mica-bearing series commences with granite, the most highly
crystalline, and descends through gneiss and mica schist to argillite or
roofing-slate, and also to quartzite, which is but little removed from a
sandstone. Quartz is a constant ingredient, as well as mica. The
series branches off into crystalline feldspathic rocks like granulite,
containing little or no mica. The specific gravity is between 2.4
and 2.8,

83. (1.) Granire.—A granular crystalline rock, consisting of
quartz, feldspar, and mica, having no appearance of layers in the
arrangement of the mica or other ingredients. The mica is in
scales, usually white, black, or brownish, easily separable into
thinner elastic scales by means of the point of a knife; the quartz
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is usually grayish white, glassy, and without any appearance of cleavage ;
the feldspar is commonly whitish or flesh-colored, less glassy than
the quartz, and showing a flat, polished cleavage-surface in one or
two directions.

a. Common Granite.—A granite in which the feldspar is common feldspar
(the species orthoclase, 3 55), or potash-feldspar, the most common kind. The
color is grayish or flesh-colored, according as this feldspar is white or reddish.
The texture varies from a fine and even-grained to a coarse granite in which the
mica, feldspar, and quartz—especially the two former—are in large crystalline
masses. Porphyritic granite has the feldspar distributed in distinet erystals,
which appear as rectangular whitish blotches on a surface of fracture. Syenitic
granite contains black scales or grains of hornblende besides the mica. Miascite
consists of cleavable white feldspar (orthoclase), black mica, and grayish or
yellowish-white eleolite, with some hornblende, and occasionally albite or quartz.
It is associated with syenite.

b. Albitic Granite—A granite in which part or all of the feldspar is albite, or
soda-feldspar (4 55, b). This feldspar is usually white, and when both albite
and orthoclase are present, the latter may often be distinguished by having a
more grayish or reddish color, and by not having the cleavage-surface finely
striated in one direction, like albite.

(2.) PEGMATITE, or Graphic Granite.—A very coarse granitic rock, consisting
of common feldspar and quartz with
but little whitish mica; in the graphic
variety the quartz is distributed
through the feldspar in forms look-
ing like Oriental characters (fig. 59).

(3.) GRANULITE. — A fine-grained
granitic rock, consisting mainly of
granular feldspar with little quartz,
and often imperfectly schistose in
structure from the arrangement of
the quartz. It is also called ewrite
and leptynite ; and the flinty kind, petrosilex. (See beyond, § 85.)

(4.) Gnerss.—Like granite, but with the mica more or less dis-
tinctly in layers. A gneissoid granite is a rock intermediate between
granite and gneiss, or showing some tendency to the gneiss struc-
ture. As the mica is in scales as well as easily cleavable, a gneiss
rock breaks most readily in the direction of the mica layers,—
thus affording slabs. This structure, causing a tendency to break
into slabs, is called a schistose structure.

Porphyritic Gneiss has distinct feldspar crystals disseminated through it, like
porphyritic granite. Gneiss may abound in garnets, or be garnetiferous; or
contain an excess of mica, when it is called micaccous gneiss ; or much epidote,
becoming an epidotic gneiss. Gneiss graduates into—

(5.) Mica Scrisr.—The same constituents as granite and gneiss,



KINDS OF ROCKS. Vi

but with less feldspar and much more mica,—therefore glistening in
lustre ; slaty, or very schistose, in structure, breaking into thin slabs
or plates; often friable, or wearing easily.

Mica schist often abounds in garnets, staurotide (3 61), or tourma-
line (3 63).

The variety plumbaginous schist contains plumbago (p. 64) in its layers. Cal-
careous mica schist contains, disseminated through it, carbonate of lime or cal-
cite. Zalcose mica schist contains talc as well as mica. Hornblendic mica schist
contains black or greenish-black crystals of hornblende. Anthophyllitic schist
is related to the last, but the acicular crystals are of the brown variety of horn-
blende called anthophyllite. Concretionary mica schist is a variety containing
concretions: the concretions may consist of feldspar and contain garnets; or
of mica and feldspar, etc. Specular schist is a variety in which the mica is
replaced to a great extent by micaceous or lamellar specular iron. It may be
connected either with mica schist or talcose schist.

(6.) ArciLLTE, or CLav-SLaTE, RooFing-Srate.—Mica slate gra-
duates into slates in which there is no distinet crystallization and
even the mica is not apparent. This fine-grained slate-rock is
ordinary roofing-slate and writing-slate, and occurs of bluish, pur-
plish, red, and other colors, to black.

Argillite often contains andalusite (4 60) running through it in
prismatic crystals seldom smaller than a goose-quill, and one or more
inches long. It also occasionally contains garnet, tourmaline, staurotide,
and ottrelite,—the last a mica-like though brittle mineral, imbedded
in small scales spangling the rock, as at Billingham, Massachusetts.
The ottrelite has been called phyllite. The more glistening kinds
of slate sometimes contain mica in distinct but minute scales, or
have a sort of micaceous surface.

2. Hornblendic Series.

84. The hornblendic series commences in a granite-like species
(called syenite) containing quartz and feldspar along with hornblende
in place of mica. Hornblende is not so cleavable into leaves as
mica, and is brittle instead of elastic. It is also tough and heavy;
and hence hornblende rocks are generally tough and heavy, the
specific gravity between 2.9 and 3.5. From syenite the series runs
down through syenitic gneiss to hornblendic schist and hornblende
rock ; then to rocks of very even texture and compactness, called
diabase and aphanite, the last like hornstone in fracture and surface.
The rocks above, following syenitic gneiss and some of the schists,
contain no quartz.

There is another related series, in which the rock contains hy-
persthene or diallage instead of hornblende, and quartz is mostly
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or wholly wanting. It commences in the granite-like Ayperite,
consisting of crystallized feldspar (usually labradorite) and hyper-
sthene. It passes into the tough and compact euphotide.

The hornblendic series blends laterally with the magnesian series, especially
through the chloritic rocks of the latter, chlorite being near hornblende and
pyroxene in composition, though containing water. It also blends with the
mica series through granites and schists that contain both hornblende and mica.
Through the pyroxenic varieties it also passes into the igneous series.

(1.) Syenite.—Resembles granite, but contains in place of mica
the mineral hornblende, which is in cleavable grains and either black
or greenish black in color. The feldspar may be orthoclase or oligo-
clase, and sometimes the quartz is nearly wanting.

(2.) Hyrerire.—Granite-like in texture, and of rather dark color,
consisting of cleavable labradorite (3 55, d, usually dark and dull in
color, either grayish, reddish, or brownish, with bright-colored
internal reflections) and Aypersthene (a lamellar cleavable variety of
pyroxene, 3 65 [14]). A common rock in the Azoic of northern
New York and Canada.

(8.) DIORITE, or GREENSTONE.—Resembles syenite in appearance and granular
crystalline texture, but contains little or no quartz: it consists of hornblende
and albite or oligoclase (a triclinic feldspar). The rock is therefore whitish,
speckled with black or greenish black. It is very tough. Sp. gr. 2.7-2.9. Gra-
duates into a compact cryptoerystalline rock of a whitish, grayish, or greenish
color.

Porphyritic diorite has the feldspar in distinet imbedded crystals. Dioritic
schist is a diorite rock containing some mica and having a schistose structure.

(4.) Hor~vBLENDIC (GiNEIss.—Resembles gneiss in schistose structure,
but contains hornblende in place of mica. Zircon-syenite is a syenite
or hornblendic gneiss containing zircon with its other constituents.

(5.) HornpLENDIC ScH1sT.—A schistose rock consisting mainly of greenish-
black hornblende with some feldspar; another variety, of hornblende and quartz;
another is nearly pure hornblende ; another contains epidote, and is therefore an
eptdotic hornblendic schist.

(6.) HorsBLENDE Rock.—A very tough, granular, crystalline rock, consisting
of hornblende, and hardly schistose in structure. Color, greenish-black to black.

(7.) AcrivoriTe Rock.—A tough rock made of interlacing fibres of actinolite.
Color, grayish green. A variety from St. Frangois, Canada, afforded T. S. Hunt
(Logan’s Report for 1853-56, p. 445)—Silica, 52.30, magnesia, 21.50, protoxyd
of iron, 6.75, lime, 15.00, alumina, 1.30, oxyd of nickel, a trace, water, 3.10 =
99.95.

(8.) PYROXENITE (Cherzolite, Augite Rock).—Coarse or fine granular pyroxene
rock, consisting of granular pyroxene of a green, grayish green, to brown color,
often streaked or clouded with darker or lighter shades of color. Often con-
tains, or is associated with, quartz, tale, steatite, and calcite.
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(9.) D1ABASE.—A massive hornblende rock, for the most part fine-grained in
texture, having a grayish-green to greenish:-black color. It is like diorite in
composition, except that the feldspar is less abundant and is either labradorite
or oligoclase.

(10.) ApaANITE.—Aphanite consists mainly of hornblende, with some feld-
spar, and differs from the above in having a very compact or even a flinty
appearance. Color, grayish green, greenish white, or gray. It has been called
horn-rock.

Aphanite is sometimes slaty in structure, making an aphanitic slate. This rock
in the hornblendic series corresponds to argillite in the mica-bearing series. It
is distinguished from argillite by its greater specific gravity.

3. Feldspathic, Epidotic, and Garnet Rocks having the mass or base compact
(cryptocrystalline).

85. These feldspathic rocks may be simply feldspathic, or the base may be
partly hornblendic or quartzose. When they contain hornblende, garnet, or
epidote, it is apparent in the higher specific gravity. (1.) Some of the light-
colored rocks included are translucent and very tough, and contain grass-green
diallage (called also smaragdite) in laminge; these are called euphotides : they
consist of feldspar, hornblende, epidote, or garnet. (2.) Others are opaque
and often dark-colored, and usually contain crystals of feldspar disseminated
through the mass; these are porphyries, or porphyroid rocks: they consist
mainly of feldspar. (3.) The rocks consisting of the base of the euphotides
without the diallage are called petrosilex.

a. Porphyroid Rocks.

(1.) PorpaYRINE.—Opaque, or nearly so. Colors, white, brown, red. In lustre
and fracture much resembling jasper, from which it differs in being fusible
before the blowpipe. Consists of feldspar: sometimes quartzose.

(2.) FELDSPAR-PORPHYRY.—Same as the last, with disseminated crystals of
feldspar.

A quartzose variety of feldspar-porphyry has the base consisting of feldspar
with some quartz. A variety of this kind occurs in eastern Massachusetts near
Lynn. Crystals of quartz as well as feldspar are distributed through the mass.
Colors, brownish-red and purplish. Specifie gravity, 2.606.

(3.) HorypLENDIC PorPHYRY (Diabase Porphyry).—The antique green por-
phyry of Greece (southern Morea) is here included. Specific gravity, 2.91-2.932.
Color, dark green; disseminated feldspar crystals, large, greenish white. Com-
position of the base: Silica, 53.55, alumina, 19.43, protoxyd of iron, 7.55, prot-
oxyd of manganese, 0.85, lime, 8.02, magnesia and alkali, 7.93, water, 2.67. The
iron and magnesia indicate the presence of hornblende or pyroxene.

Porcelanite, or Porcelain-Jasper.—A baked clay, having the fracture of flint
and a gray to red color: it is somewhat fusible before the blowpipe, and thus
differs from jasper. Formed by the baking of clay-beds through the heat from
intrusive igneous dikes. Such clay-beds are sometimes baked to a distance
of thirty or forty rods from the dike.
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b. Petrosilex.

(L) OrtHOCLASE-PETROSILEX.—Color, whitish, greenish; lustre somewhat
waxy, dull; specific gravity, 2.6~2.7. A greenish-gray specimen from Brittany
afforded Berthier—Silica, 75.4, alumina, 15.5, potash, 3.8, magnesia, 1.4, oxyd of
iron, 1.2,—whence it consists of orthoclase, feldspar, and some quartz.

(2.) AuBrTE-PETROSILEX.—Similar to the preceding. A variety from Orford,
Canada, afforded T. S. Hunt (Logan’s Report for 1853-56)— Silica, 78.55,
alumina, 11.81, soda, 4.42, potash, 1.93, lime, 0.84, magnesia, 0.77, protoxyd of
iron, 0.72, loss by ignition, 0.90 = 99.94. This rock graduates into feldspar-
euphotide.

(3.) DronriTE-PETROSILEX.—Compact diorite, and consisting, therefore, of
albite and hornblende. Color, grayish white, greenish white. Occurs in Orford,
Canada (T. S. Hunt, Logan’s Report, 1853-56).

(4.) GARNET-PETROSILEX.—A pure, compact, garnet rock, of a whitish color,
with spots of disseminated serpentine. Specific gravity, 3.3-3.5. Composition of
the base of this rock, from Orford, Canada, according to T. S. Hunt—Silica, 38.60,
alumina, 22.71, lime, 34.83, magnesia, 0.49, oxyd of iron and manganese, 1.60,
soda (with a trace of potash), 0.47,loss by ignition, 1.10 = 99.80. Specific gravity,
3.522-3.536. It is exceedingly hard and tough. Graduates into garnet-
euphotide. A similar rock occurs at St. Frangois, Canada.

c. Euphotides.

(1.) FeLpspar-EvproTiDE.—Tough compact, light-green or grayish, con-
sisting of a minutely-granular feldspathic base with disseminated diallage or
smaragdite.

(2)) Eripore-EvrHOTIDE.—Similar to the preceding, but more tough, and
heavy. Specific gravity, 3.1-3.4. The base a compact whitish epidote (called
hitherto saussureite), according to T. S. Hunt. From the Alps.

(8.) EcrLoGITE, or GARNET-EupPHOTIDE.—Either whitish, greenish, or reddish;
very tough and heavy. Specific gravity, 3.2-3.5. The eclogite of Europe con-
tains grass-green smaragdite in a reddish garnet base. The related rock from
Canada, according to T. S. Hunt (Logan’s Report for 1853-56, p. 450), contains
grayish cleavable hornblende or pyroxene in a whitish or yellowish base. Part
of the base is in some cases feldspathic: its low specific gravity—2.8—serves to
distinguish this variety.

4. Hydrous Magnesian Series.

86. The hydrous magnesian series, characterized by the presence
of the hydrous magnesian minerals talc, serpentine, or chlorite (3 66),
ranges from a granite-like rock called profogine (containing the con-
stituents of granite, excepting talc in place of mica) down to the
semicrystalline talcose and chloritic slates; and also to compact
flinty rocks near aphanite. Besides these, there are the serpentine
rocks. Talc and serpentine are silicates of magnesia and water
alone, while chlorite contains alumina and oxyd of iron. The
chloritic rocks consequently abound often in hornblende, and are
frequently associated with rocks of the hornblende series. The
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color of the rocks is some shade of dull grayish, brownish, olive, or
blackish green. Specific gravity, 2.4 to 3; or over 3 if containing
hornblende.

(1.) ProrociNE.—A granular crystalline or granite-like rock, con-
sisting of quartz, feldspar, and tale, with sometimes some mica
(micaceous protogine). The feldspar may be orthoclase -or oli-
goclase, or both (both in the Alps), and is sometimes in distinct
crystals (porphyry). Color, grayish white or greenish white.
Gneissoid protogine is a gneiss-like rock, consisting of quartz,
feldspar, and talc, between talcose schist and gneiss in its charac-
ters. Occurs in the Alps.

(2.) CuvLorITIiC GNEISS.—A gneissoid rock consisting of quartz and feldspar,

and often mica, with soft olive-green granular chlorite distributed through it in
small patches.

(3.) Tarcose Scmist.—A slaty rock, less crystalline than mica
schist, and less evenly schistose, characterized by a slight greasy
feel, glistening and talcose look upon the surface of the slate, a
greenish-gray or grayish-green to brown color. Texture usually
near that of argillite, sometimes with quartz and feldspar in grains
like mica schist. It passes on one side into schistose tale, which is very
greasy to the feel, and is pure talc; and on the other into argillite,
or mica schist. Frequently contains actinolite, garnet, staurotide,
tourmaline, pyrites; and the intersecting or intercalated quartz
often contains gold.

(4.) SreariTe, or SoarsToNE (3 66).—A massive, more or less
schistose rock, fine-granular; color, gray to grayish-green; feel,
very soapy; composition, that of fine talc. Often contains crys-
tals of tourmaline (p. 58), dolomite, or brown spar (p. 63), or mag-
netite (p. 65).

Renssclaerite i3 a kind of soapstone, of compact texture, and either gray,
whitish, greenish, brownish, or even black, color. For an analysis by T.S.
Hunt, see Logan’s Rep. for 1853-56, p. 483. Occurs in the towns of Fowler,
De Kalb, Gouverneur, and others, St. Lawrence co., N.Y., and also in Gren-
ville, Canada.

(5.) Curoritic Scurst.—A more or less slaty rock, like the pre-
ceding, but of an olive-green or greenish-black color, though some-
times pale greenish-gray; it is somewhat less greasy to the feel,
usually less shining ; the chlorite fine-granular and soft ; sometimes
in deep-green mica-like scales or plates. Often contains black and
dark-green hornblende in acicular and grouped crystals and fibrous
masses, also magnetite in octahedral crystals. Graduates into horn-

blendic slate. A rock of this kind from Potton, Canada, analyzed
7
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by T. S. Hunt, has the composition of ordinary chlorite. (Logan’s
Rep. for 1853-56.)

(6.) SErPENTINE (3 66).—A massive uncleavable rock, of dark-green
to greenish-black color, easily scratched with a knife, and often a
little greasy to the feel when a surface is smoothed. Although
generally of a dark-green color, it is sometimes pale grayish and
yellowish green, and mottled.

A serpentine rock containing diallage is the gabbro of the Italians.

(7.) ScHILLERITE, or Schiller rock, Diallage rock.—A dark-green to greenish-
black rock, made up of Schiller spar, and having the following composition :
1, Kohler; 2, T. S. Hunt (Logan’s Rep., 1855-56, 443); 3, id. of the pure
diallage :—

Si03. Al203. FeO. MgO. CaO. NiO. MnO. HO.

) . 43.90 1.28 13.01% 26.86 .ceo.  eeenns 0.54 12.43 Kéohler.
2. Canada...... 41.80 6.80 11.05 26,13 7.00 trace ...... 7.60 Hunt.
3. Canada...... 47.15 3.45 873 24.56 11.35 trace ...... 5.82 Hunt.

It is often associated with serpentine, chlorite, and talc-schist.

(8.) OpmroLiTE (or verd-antique marble).—A variegated mixture
of serpentine and either carbonate of lime (calcareous ophiolite), do-
lomite (dolomitic ophiolite), or carbonate of magnesia or magnesite
(magnesitic ophiolite). Color, dark green, mottled with lighter green
or white.

It often contains chromic iron sparsely disseminated through it, forming
irregular, black, submetallic spots ; also some tale, asbestus, sahlite ; and analysis
often detects nickel as well as chrome. T. S. Hunt has found both nickel and
chrome in the serpentines or ophiolites of the Green Mountain range, in those
of Roxbury, Vt., New Haven, Ct., Hoboken, N.J., Cornwall, England, Banff-
shire, Scotland, Vosges, France. They occur also in the pyrosclerite and Wil-
liamsite of Chester co., Pa., and in the antigorite of Piedmont. Hunt found
no nickel in serpentine from Easton, Pa., Montville, N.J., Philipstown, N.Y.,
Modum, Norway, Newburyport, Mass., and none from the Azoic series of rocks.

5. Hydrous Aluminous rocks,

8%7. These rocks consist largely of agalmatolite or pyrophyllite, and have a
close resemblance to talcose and serpentine rocks in feel, hardness, and ap-
pearance.

ParorHITE.—Essentially agalmatolite (3 67) in composition. Its fine-grained
texture and somewhat soapy feel are its striking peculiarities. It occurs both
as a slate and rock. The name was first given by T. 8. Hunt to a variety
oceurring in northern Vermont, and alludes to a resemblance in aspect to ser-
pentine. The dysyntribite of Shepard, found in northern New York (3 67),
is a rock variety.

* With some oxyd of chrome.
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PyroPHYLLITE RoCcK or ScHisT.—Like the preceding in appearance and soapy
feel, but having the composition of pyrophyllite (3 67). The color is white and
gray, or greenish white. Occurs in North Carolina; one of the varieties from
the Deep River region is used for slate-pencils.

6. Quarizose rocks.

88. (1.) QuarTzITE, or Granular Quartz Rock.—A very hard, com-
pact rock, consisting of quartz grains or sand, and usually either
white, gray, or grayish red in color. Sometimes contains dissemi-
nated scales of feldspar, mica, or talc, and in that case is often
laminated or schistose. It is but a step removed from ordinary
sandstone, and owes its peculiarities only to a process of consolid-
ation.

(2.) Stuiceous ScHisT.—A schistose, flinty quartz rock, not distinetly gra-
nular in texture.

(3.) ArkoSE.—A quartz rock, containing much ecrystallized orthoclase dis-
seminated through it. Occurs in the Vosges.

(4.) IracoLumiTE.—A schistose quartz rock, consisting of quartz grains with
tale or mica. On account of the tale or mica in the lamination, the finer kind
is sometimes flexible, and is called flewible sandstone. Occurs often in gold-
regions associated with talcose slates.

(5.) JasPEr Rock.—A flinty siliceous rock, of dull red, yellow, or green
color, or some other dark shade, breaking with a smooth surface like flint. It
consists of quartz, with more or less clay and oxyd of iron. The red contains
the oxyd of iron in an anhydrous state, the yellow in a hydrous: on burning
the latter it turns red.

A dull-green ckert (or impure flinty siliceous rock) from Cap Rouge, Canada,
afforded T. S. Hunt (Logan’s Report for 1853-56)—Silica, 77.50, alumina, 8.50,
protoxyd of iron, 2.70, lime, 0.73, magnesia, 2.35, soda, 1.38, potash, 1.66, loss by
ignition, 4.40 = 99.22. Part of the silica—nearly 21 per cent.—was in the con-
dition of opal.

(6.) BuHRSTONE.—A cellular siliceous rock, flinty in texture. It is used
for millstones. Found mostly in connection with Tertiary rocks, and formed
apparently from the action of siliceous solutions on pre-existing fossili-
ferous beds.

7. Iron-Ore rocks.

89. SpecuULAR IrON-ORE (Hematite) and MacNETIC IRON-ORE Occur as
rocks of considerable thickness among the metamorphic rocks, espe-
cially the hornblendic and chloritic kinds. There are schistose or
laminated as well as massive varieties. These iron-ore beds occur
extensively in northern New York, Canada, Michigan, and Mis-
souri; also in Sweden and elsewhere. Their alternation with chlo-
ritic and other schists and gneissoid rocks shows that they are meta-
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morphic as well as the schists. Titanic iron-ore occurs in great beds
of like extent in Canada. (See g 72.)

Franklinite, an iron-zinc ore, is also one of the metamorphic rocks in northern
New Jersey.

3. Calcareous Rocks.—Carbonates and Sulphates.

90. (1.) Massive LimestoNE.— Unerystalline Limestone.—Most lime-
stone has been formed from shells and corals ground up by the
action of the sea and afterwards consolidated. The colors are dull
gray, bluish, brownish, to black. The composition is usually the
same as that of calcite, carbonate of lime (3 69), except that impu-
rities, as clay or sand, are often present. In texture they vary
from an earthy-looking limestone to a very compact semi-crystal-
line one; and from this kind the passage is gradual also to the
true crystalline.

(2.) MacenesiaN or Doromiric LimMesTonE (369 [24]).—Consists of
carbonate of lime and magnesia, but is not distinguishable in color
or texture from ordinary limestone. The amount of carbonate
of magnesia present varies from a few per cent. to that in dolo-
mite. Much of the common limestone of the United States is
magnesian.

Analyses of magnesian limestones :—1. Lower magnesian (Calciferous epoch),
by D. D. Owen; 2, id. of Iowa, J. D. Whitney; 3, Galena limestone of Iowa,
Whitney ; 4, Niagara limestone, by Beck; 5, Carboniferous limestone of Iowa,
Whitney.

1 1\2. a 3. 4.] 5.1
. N - Lock-  Mt. Plea-
St. Croix. Ga.lee‘r:a. vfillrlr:.l port. x~)=m1;.e
Carbonate of lime.......... 48.24 52.47 52.01 75.65 57.15
Carbonate of magnesia.... 42.43 42.13 42.25 20.70 39.24
Carbonate of iron....ceceees veveee 1.78 093 ... v eeeens
Insoluble (sand).. . 2.74 2.75 4.43 2.25 2.18
Oxyd of iron and alumina 6.14 0.87% 0.38 Ox.iron 0.35 1.06
Moisture . esseiseesseseieeenee 0,40 Ll veweees - andloss 1.05 0.311
99.95  100.00 100.00 100.00 99.94

In some limestones the fossils are magnesian limestone, while the rock is
common limestone. Thus, an Orthoceras in the Trenton limestone of Bytown,
Canada (which is not magnesian), afforded T. S. Hunt—Carbonate of lime, 56.00,
carbonate of magnesia, 37.80, carbonate of iron, 5.95 = 99.75. The pale-yellow
veins in the Italian black marble called “ Egyptian marble” are dolomite, ac-
cording to T. S. Hunt, and a limestone at Dudswell, Canada, is similar.

(3.) Hypravric LiMESTONE.—An impure or earthy limestone, con-

* Alkalies and loss. + Carbonate of soda and trace of potash.
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taining some clay, and affording a quicklime the cement made of
which will set under water. An analysis of a kind worked at Ron-
dout, N.Y., afforded Beck—Carbonic acid, 34.20, lime, 25.50, mag-
nesia, 12.35, silica, 15.37, alumina, 9.13, sesquioxyd of iron, 2.25.

(4.) Oourte, or Oouitic LiMESTONE.—A rock consisting of minute
concretionary spherules, and looking like the petrified roe of fish:
the name is from the Greek wov, egg. It is sometdmes magnesian.

(5.) CuaLk.—A white, earthy limestone, casily leaving a trace on
a board. Composition, the same as that of ordinary limestone.

(6.) MarL.—A clay containing a large proportion of carbonate
of lime,—sometimes 40 to 50 per cent. If the marl consists largely
of shells or fragments of shells, it is called skell-maxl.

(7.) SueLL LimestoNe.— Coral limestone.—A rock consisting of shells
or corals.

(8.) BrrpsevE LivesToNE.—A compact limestone having crystal-
line points disseminated through it.

(9.) TrAVERTINE.—A massive but porous limestone, formed by deposition
from springs or streams holding carbonate of lime in solution in the state of
bicarbonate. The rock abounds on the river Anio, near Tivoli, and it is there
used as a building-material. St. Peter’s, at Rome, is constructed of it. The
name is a corruption of 7ijurtine.

(10.) STALAGMITE, STALACTITE.—Depositions from waters trickling through
the roofs of limestone caverns, form pendent caleareous cones and cylinders
from the roofs, which are called staluctite, and incrustations on the floors, which
are called stalagmite. Thelayers of successive deposition are usually distinet, and
make the material appear banded. They are rarely transparent, usually translu-
cent to subtranslucent or opaque, and white, grayish, or faint yellowish in color.

2. Crystalline Limestone.

91. GranvrArR Limestone (3 09) (Statuary Marble).—Limestone
having a crystalline granular texture, white to gray color, often
clouded with other colors from impurities. The impurities are
often mica or talc, tremolite, white or gray pyroxene, or scapolite; some-
times serpentine, through combination with which it passes into
ophiolite (3 86), chondrodite, apatite, corundum.

Dovomite.—Not distinguishable by the eye from granular lime-
stone (3 69).

3. Consisting of Sulphate of Lime.

92. Gypsum.—Sulphate of lime, as described in ¢ 70. The earthy
kinds often contain the crystallized mineral in spots or fissures;
and in many places it is associated with anhydrite, or sulphate
of lime containing no water (70 [27]). The borate of magnesia,
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(Boracite), and Polyhalite, are often found in gypsum-beds; also,
rarely, hydrous borate of lime { Hayesire), as in Nova Scotia.

Gypsum is deposited from sea-water; but the gypseous rocks
appear generally to have been formed by the action of sulphuric
acid (from decomposition of sulphurets or volcanic vapors) on
limestone or carbonate of lime. The action drives off the carbonic
acid and makesssulphate of lime, or gypsum.

4. Igneous Rocks.

93. Igneous rocks are those which have been ejected in a melted
state either from volcanoes or through fissures in the earth’s crust.
As the crystallizing of superficial deposits may produce rocks like
those that are of true igneous origin, the same species in a few
cases occur in both divisions. Thus, there are metamorphic
diorite and porphyry, as well as igneous diorite and porphyry.
The igneous rocks differ from most of the metamorphic series in
the absence or very sparing occurrence of quartz.

There are two series of igneous rocks,—the feldspathic, having
light colors and being of low specific gravity, and the augitic, having
dark colors with high specific gravity.

1. Feldspathic series.—Consisting mainly of a feldspathic base, with,
often, disseminated crystals of some kind of feldspar, or of horn-
blende or pyroxene. Color, white, gray, bluish gray, grayish
brown. G.=2.4-2.8. Occasionally, as in the porphyries, dark red
and brown. The light colors and low specific gravity are owing
to the absence or sparing dissemination of iron.

2. Augitic series.—Consisting of feldspar and hornblende or augite
(greenish-black or black pyroxene). Color, dark gray, dark gray-
ish brown, dark greenish brown, greenish-black to black. G.=2.9
-3.6. The high specific gravity and dark colors are owing to the
presence of iron as magnetic or titanic iron, or as a constituent
of the augite or hornblende.

1. Feldspathic Series.

94. (1.) FeLpspAaTHIC TRAP.—A rock consisting of crystallized feldspar, and
sometimes called, from its color, white trap. Varieties occurring in Canada
have a whitish, grayish, or pale yellowish color, also a pale fawn color. Com-
position of a variety from Chambly, Canada, according to T. 8. Hunt (Logan’s
Rep. for 1853-56), consisting of orthoclase, as follows :—

8103, A1208, Fe203,  Cal. NaO. KO. Ignition.
1. Crystals. 66.15 19.75 0.95 5.19 7.53 0.55 == 100.12
2. Paste..... 67.60 18.30 1.40 0.45 5.85 5.10 0.25 = 98.95
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Certain dikes in the Montreal Mountain are of this kind, except that in
some the feldspar is a soda feldspar.  Found also at Lachine. A similar
rock occurs in Australia in Prospect Hill, near Paramatta, New South Wales.

(2.) PorPHYRY.—A rock the mass or base of which is a compact uncleavable
feldspar, containing disseminated crystals of feldspar (orthoclase or oligoclase),
giving it an appearance, when polished, of being spotted with white or some
pale color, the spots rectangular or nearly so in form. Color, base grayish,
purplish, to deep red and brown; and crystals either large or minute. The feld-
spar either orthoclase or oligoclase; mica or hornblende sometimes present.
Specific gravity of the red antique porphyry, 2.62-2.77.

This rock closely resembles true metamorphic porphyry, like that from the
vicinity of Boston. The antique green porphyry of Greece is diabase por-
phyry (3 85). G.==over 2.9.

Much of the so-called porphyry of the Andes and Mexico is a porphyry con-
glomerate, in which both the pebbles and base are spotted with feldspar crys-
tals, and the texture looks homogeneous until closely examined.

(3.) PronNoLITE (Clinkstone).—Compact, of grayish blue and other shades of
color, more or less schistose or slaty in structure; tough, and clinking under the
hammer like metal when struck, whence the name. Often contains dissemi-
nated crystals of glassy feldspar and hornblende, and sometimes mica. Con-
sists of glassy feldspar (orthoclase or oligoclase), with nepheline or a zeolite
(4 68). Action of muriatic acid separates it into a soluble and an insoluble state,
the former including all the nepheline or zeolite. Analysis by Jenzsch of the
Bohemian phonolite,—Silica, 56.28, alumina, 20.58, lime, 0.46, soda, 9.07, potash,
5.84, lithia, 0.05, protoxyd of iron, 2.86, protoxyd of manganese, 1.45, magne-
sia, 0.32, titanic acid, 1.44, phosphoric acid, 0.29, loss by ignition, 1.29, chlorine,
0.54, sulphur, 0.02; from which he deduces that it consists of 53.55 of glassy
feldspar, 31.76 of nepheline, with some hornblende and sphene (nepheline or
zeolite). Other phonolites consist of 18 to 50 per cent. of soluble silicate.

Common Phonolite.—Schistose, without distinct feldspar crystals, and contain-
ing a zeolite disseminated through the mass, which is usually regarded as an
essential ingredient of the rock.

A peculiar feldspathic igneous rock occurring at Lachine, in Canada, having
a reddish, fawn-colored base, brittle, G.=2.414, and H.= 5, consists, like pho-
nolite, of feldspar (orthoclase) and a zeolite (probably natrolite) in nearly equal
parts. It forms dikes, and is in the same region with the dikes of white trap
mentioned in 3 94 (1).

Porphyritic Phonolite.—Containing disseminated glassy feldspar crystals.

Phonolitic Lava.—Differing from trachyte in being more cellular and in not
having the peculiar roughness of trachyte over a surface of fracture.

(4.) TracuyTe.—Color, pale grayish blue, rarely greenish, yellowish, red-
dish ; texture peculiarly rough to the feel, and usually porous. Often contains
disseminated crystals of glassy feldspar and hornblende, and some little free
quartz, also mica. @. = 2.6-2.7. Decomposed by the action of muriatic acid
into a soluble and an insoluble silicate, the former in less proportion than in
clinkstone, or 10 to 14 per cent. Composition of the whole (from Drachenfels),
according to Abich,—Silica, 67.09, alumina, 15.64, potash, 3.47, soda, 5.08,
lime, 2.25, oxyds of iron, 4.59, magnesia, 0.98, protoxyd of manganese, 0.15,
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titanic acid, 0.38, water, etc., 0.45. In others, silica forms 61 to 67 per cent.
of the whole.

Trachytic lava.—A very cellular trachyte.

Domite.—An earthy friable trachyte, from Puy de Dome, Auvergne.

Slaty trachyte.—Structure schistose.

Porphyritic trachyte—Containing disseminated crystals of glassy feldspar,
often without any hornblende.

Granitoid trachyte.—A granular aggregate of glassy feldspar, hornblende, and
mica. Approaches diorite.

Hornblendic trachyte.—Containing much hornblende in disseminated crystals.

(5.) Pumice.—Very light, porous, with the pores minute, capillary, and
parallel. Color, pale grayish, greenish, yellowish, and sometimes of darker
shades. It is a kind of porous trachyte. Contains 69 to 70 per cent. of
silica, and probably, therefore, some free quartz. Composition, according to
Berthier,—Silica, 70.0, alumina, 16.0, sesquioxyd of iron, 0.5, lime, 2.5, pot-
ash, 6.5, water, 3.00 =98.50. Abich obtained 6.21 per cent. of soda, and 3.98
of potash.

Often contains glassy feldspar, and sometimes hornblende, mica, leucite.

(6.) OBsIDIAN.—A voleanic glass, taking its characters from the composition
of the volcanic lavas. The lavas cooling slowly form stony lava, and cooling
rapidly a glassy,—the two being different conditions of the same substance.

Obsidian connected with feldspathic lavas is either solid or slag-like (scoria-
ceous), and in color brown to greenish-black and black. A Mexican variety
afforded Vauquelin—S8ilica, 78, alumina, 10, potash and soda, 6, lime, 1, sesqui-
oxyd of iron, 2, id. of manganese, 1.6 = 98.6. Another, from Telki-Banya,
afforded Erdmann—=Silica, 74.80, alumina, 12.40, potash and soda, 6.40, lime,
1.96, sesquioxyd of irom, 2.03, id. of manganese, 1.31, magnesia, 0.90 = 99.80.

Spherulitic obsidian.—Contains small feldspathic concretions.

(7.) PrrcustoNE (Retinite).—An imperfectly-glassy voleanic roek, pitch-like
in appearance, and of various colors from gray to black, through greenish,
reddish, and brownish shades. It contains 70 to 73 per cent. of silica, and, in
some of the published analyses, 8 to 10 per cent. of water. Delesse obtained
(Bull Soc. Geol. de France, 1853, p. 105) for a pitchstone from Santa Natolia—
Silica, 62.59, alumina, 16.59, protoxyd of iron, 3.17, id. of manganese, 0.55,
lime, 1.15, magnesia, 2.26, potash, 6.48, soda, 3.14, water and organic matter,
3.90 = 99.83.

(8.) PEArRLsTONE.—Near pitchstone, but less glassy and more pearly in
Justre: usually grayish in color, also yellowish, brownish, and reddish. The
peculiar pearly appearance is due to an intimate mixture of a portion of the
rock in the glassy state with another larger portion in the stony state. It
often contains spherical concretions, called spherulites, which consist of feldspar
with an excess of quartz. The silica varies from 68 to 80 per cent. An analysis
by Erdmann of a variety from Hlinick afforded—Silica, 72.87, alumina, 12.05, soda
and potash, 6.13, lime, 1.30, magnesia, 1.10, sesquioxyd of iron, 1.75, water, 3.00
= 98.20.

(9.) MeraraYR.—Closely related in its connections to dolerite and basalt, but
consisting of compact labradorite, and having a specific gravity not above 2.7.
Color, reddish gray, greenish blackish, and sometimes mottled. Different rocks
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have been included under this name. Some that have been called trap are
here Mcluded.

2. Augitic or Basaltic Series.

95. (1.) DroriTe.—Similar to the metamorphic diorite, but usually the horn-
blende less abundant and the feldspar less finely developed. Color, grayish
white. A variety consisting of hornblende and anorthite constitutes some of
the dikes of Canada. (T.S. Hunt.)

(2.) DoLERITE (7rap, in part).—Texture crystalline-granular to cryptocrys-
talline (the fine variety often called anamesite). Color, dark gray, grecnish and
brownish black. Consists of labradorite and augite, with often magnetic iron.
Sometimes columnar. G.= 2.75-3.

Porphyritic dolerite.—Speckled with crystals of feldspar, or with feldspar and
augite, or with augite alone.

Amygdaloidal dolerite.—Containing nodules of zeolites, chlorite, quartz, or
calcite. Includes much of the so-called amygdaloid.

Another variety contains the augite in black crystals.

Doleritic lava.—Structure scoriaceous or very cellular.

(3.) Basavr.—Like dolerite, but less granular than the coarser dolerite, and
containing also chrysolite in grains looking like green glass. Compact. Often
columnar. G.=2.9-3.2.

Porphyritic basalt.—Speckled with crystals of feldspar.

Amygdalvidal basalt.—Containing amygdals of zeolites, ete. (3 68).

Basaltic lava.—Scoriaceous or very cellular. The lava may be porphyritic
with feldspar or augite crystals.

(4.) LevcitorHYR.—A dark-grayish, fine-grained, cellular volcanic rock, con-
sisting of augite and leucite with some disseminated magnetic iron. It is the
lava of Vesuvius. The leucite is either in whitish grains or in trapezohedral
crystals (see g 57), and is disseminated like the feldspar crystals in a
porphyry.

(5.) NEPHELINITE (Nephelin-dolerite).—A crystalline, granular voleanic rock,
consisting of nepheline and augite, with some magnetic iron, the nepheline
partly in distinet erystals. Color of the coarser kind, grayish or whitish;
of the finer, dull ash-gray.

The tufas and conglomerates of volcanic regions are noticed on p. 74.

Wacke is an earthy rock made of basaltic earth partially compacted,—a kind
of tufa.

(6.) Basartic OBsipIAN.—The massive obsidian of Kilauea, Hawaii, a region
of basaltic lavas, contains 22 per cent. of protoxyd of iron, and the capillary
(P61&’s hair) 30 per cent. The light scoria of the crater is an impure volecanic
glass, very much inflated.
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II. CONDITION, STRUCTURE, AND ARRANGEMENT
OF ROCK-MASSES.

96. The rock-masses of the globe, or terrains, as they are called,
occur under three conprTions: (1) the stratified, (2) the unstratified,
and (3) the vein condition. Under each there are different pecu-
liarities of sTRUCTURE and of ARRANGEMENT.

1. STRATIFIED CONDITION.

Under this head the subjects for consideration are:—1. The na-
ture of stratification; 2. The structure of layers; 3. The positions
of strata,—both their natural positions and dislocations; 4. The
general arrangement of strata, or their chronological order.

1. Nature of Stratification.

97. Stratified rocks are those which are made up of a series
of layers or strata. The annexed sketch represents a section
of the strata as exhibited along
Genesee River, at the falls near
Rochester. The whole height of
the section is 400 feet. At bottom
there is a thick stratum of sand-
stone (1); next above it lies a hard,
gray layer (2), which has been
called the Gray Band. Upon this
rests (3) a thick bed of greenish shale, a fragile, imperfectly
slaty rock. Next (4) is a compact limestone forming a wide-
spread stratum resting on the shale. Above this (5) is another
greenish shale, much like that below. Then (6) is another great
stratum of limestone; then (7) another thick bed of shale; and,
finally (8), at the top is a limestone wholly different from those
below. The transition from one stratum to another is quite
abrupt, and, moreover, each may be traced for a great distance
through the adjoining country.

Throughout far the larger part of America and all the other con-
tinents the rocks lie similarly in layers, so that stratified rocks are
of almost universal distribution. They make up the most of the
Appalachians; cover nearly all of New York; underlie the great
plains of the Ohio and Mississippi; occur over the larger part of
the slopes and summit of the Rocky Mountains;along much of the
Pacific border, as well as the Atlantic; and exist as red sandstone

Fig. 60.
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in the Connecticut valley. They are the prevailing rocks of Bri-
tain, including within their series the chalk, oolite, coal strata, and
others. They occur over nearly all Europe, spread throughout the
great plains of Russia, through Asia nearly to the top of the Hima-
layas, South America in many places to the summit of the Andes,
and through Africa and Australia. These stratified rocks are in strik-
ing contrast with the unstratified,—granite, for example, which may
show no appearance of layers even through heights of a thousand
feet or more. Many volcanic masses of rock are unstratified. Yet
the volcanic mountain has usually a stratified arrangement, successive
layers of lava and volcanic sand or earth being piled up to make
the cone. Even among crystalline rocks the distinction of strata
may often be made out, although much disguised by changes in
the course of their history.

The succession of strata in stratified rocks is exceedingly various.
In the section given, there are alternations of limestones, shales,
and sandstone. In others, as at Trenton Falls, N.Y ., there are
only limestones in sight; but were the rocks in view to a much
greater depth, sandstone strata would be seen. In still other
regions, there are alternations of conglomerates and shales; or
conglomerates with shales and coal-beds; or conglomerates with
limestones and sandstones ; or shales and sandstones alone.

The thickness of each stratum also varies much, being but a few
feet in some cases, and hundreds of feet in others; and the same
stratum may change in a few miles from 100 feet to 10, or disap-
pear altogether. In the Coal formation of Nova Scotia there are
14,000 feet of stratified beds, consisting of a series of strata mainly
of sandstones, shales, and conglomerates, with some beds of coal;
and in the Coal formation of Pennsylvania there are 6000 to 7000
feet of similar character.

98. After these illustrations, the following definitions will be
understood.

a. Stratification.—A succession of rock-layers, either of the same
or of different kinds.

b. A layer.—A single member or bed in a stratified rock. It may
be thick or thin, and loosely or strongly attached to the adjoining
layers. In the section, fig. 60, the limestones 4 and 6 consist of a
great number of layers; and in all limestone regions many are
piled together to make the great mass of limestone.

¢. A stratum.—The collection of layers of one kind which form a
rock as it lies between beds of other kinds. In the section re-
ferred to (fig. 60), the limestones 4, 6, and the shale masses 3, 5, 7,
are each a stratum. A stratum may consist of many layers.
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d. A formation.—A series of strata comprising those that belong to
a single geological aye or a single period, or subdivision of an age,
and which, consequently, have a general similarity in their fossils
or organic remains. The Coal formation includes many strata of sand-
stone, shales, limestones, and conglomerates.

While this is always the general idea connected with the term formation, the
use of it is not uniform. Geologists speak of the Silurian formation, Devonian
formation, Carboniferous (or Coal) formation, ctc., making each cover a geo-
logical age. But they often apply the term also to subordinate parts of these
formations. Thus, under Silurian we have the Upper Silurian formation and
the Lower Silurian formation ; and under each of these there are subordinate
formations, as the Trenton formation, including several strata of the Trenton
period in the Lower Silurian; the Niagara formation for the lower part of the
Upper Silurian. These subdivisions embrace generally many strata, and have
striking peculiarities in their organic remains; and hence this use of the word
Sormation.

e. A scam is a thin layer intercalated among the layers of a rock,
and differing from them in composition. Thus, there are seams of
coal, of quartz, of iron-ore. Secams become beds, or are so called,
when they are of considerable thickness; as, for example, coal-beds.

00. These strata, which constitute so large an extent of the
earth’s crust, have been formed mainly by the action of water. As
the ocean now makes accumulations of pebbles, sand, and muddy
flats along its borders, and muddy bottoms for scores of miles in
width along various sea-shores, so it formed by the same means
many of the strata of sand and clay which now constitute the
earth’s rocks; and in this work the sea often had the advantage,
in early times, of sweeping widely over the just-emerging continent.
Again, as the rivers bring down sand and mud and spread them in
vast alluvial flats, making deltas about their mouths thousands
of square miles in area, so in ancient time beds of sand and clay
were accumulated by these very means and afterwards consolidated
into rocks. Again, as shells and corals, by growing in the ocean
where shallow, under the action of the waves, produce the accumu-
lating and rising coral-reef some hundreds of miles long in the pre-
sent age, so in former ages shells and corals grew and multiplied and
made coral-reefs and shell-rocks, and these old reefs are the lime-
stone strata of the world. The agency of water and life in these great
results is particularly considered under Dynamical Geology.

2. Structure of Layers.
The structure of layers is due either to the original deposition
of the material, or to subsequent changes.
100. (1.) Kinds of structure and markings originating in the
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act or mode of deposition.—The kinds of structure are illustrated
in the annexed figure, and are as follow:—a, the massive; b, the
shaly; c, the laminated; d and e, the compound or irregularly bedded.

Fig. 61.

These terms, excepting the last, have been already explained (3 80).
The massive is especially characteristic of pure sandstones and con-
glomerates. But if sandstones are argillaceous, that is, contain
some clay, they are laminated, or break readily into slabs, like
ordinary flagging-stones; and the thinness of the flags increases
with the amount of clay. A clayey rock is usually shaly or an im-
perfect slate.

The compound structure is of three kinds,—the beach structure, the
ebb-and-flow structure, and the sand-drift structure.

In the beach structure, as exemplified in d, the subordinate layers
are very irregular in thickness and extent, often thinning out at
short intervals and varying from pebbles or stones to sand and
clay. This structure is observed in any sea-beach where a cut has
exposed its interior arrangement.

In the ebb-andflow structure (¢), the bed, although it be but
a few feet thick, consists of layers of various kinds, some of which
are horizontally laminated, and others obliquely so with great
regularity, as in the figure. The succession of members indicates
frequent changes or reversals in the currents during the deposi-
tion. Such changes attend the ebb and flow of the tides or tidal
currents or waves over a shallow bottom.

In the sand-drift structure (f), the layers consist of subordinate
parts of very various lamination, one dipping in one direction and
another in another, as if a laminated hillock made by sand drifted
by the winds on a coast (for such sand-drifts are always in layers)
had been partly carried away, and then other layers been thrown
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over it by the drifting winds at a new inclination, and this
violent removal and replacement often and variously repeated.
Fig. 61 f, representing this mode of structure, is from Foster &
Whitney’s Report on the Sandstone Rocks of Lake Superior.
Fig. 61 ¢ is also from the same work. '

101. Besides these kinds of structure, there are markings in the
strata which are of related origin,—viz. : ripple-marks, wave-marks,
rill-marks, mud-cracks, and rain-drop impressions.

Fig. 62. Fig. 63.

(1.) Ripple-marks (fig. 62).—A series of wavy ridgelets, like the
ripples on a sand-beach.

(2.) Wave-marks.—Faint outlinings, of curved form, on a sand-
stone layer, like the outline left by a wave along the limit where
it dies out upon a beach.

(3.) Rill-marks (fig. 63).—Little furrows made by the rills that flow
down a beach after the retreating wave or tide, and which become
apparent especially where a pebble or shell lies, the rising of the
water upon the pebble causing a little plunge over it and a slight
gullying of the surface for a short distance.

(4.) Mud-cracks (figs. 64 and 65).—Cracks intersecting very irregu-
larly the surface or a portion of a layer, and formed by the drying
of the material of the rock when it was in the state of mud, just
as a mud-flat left exposed to the drying sun now cracks. The
original cracks are usually filled with a material harder than the
rock, so that when it becomes worn the surface has a honeycomb
appearance, from the prominence of the intersecting ridgelets, as
in fig. 65. Moreover, these ridges are generally double, the filling
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having been solidified against either wall of the crack until the
two sides met at the centre and became more or less perfectly

Fig. 64.

united. Specimens of rock thus honeycombed are sometimes
called septaria (from septum, partition); but the term is little used
in science.

(5.) Rain-prints (fig. 66).—Rounded pits or depressions, made by

drops of rain on a surface of clay or half-dry mud. On a reversed
layer the impressions appear raised instead of depressed, being
casts made in the pits which the rain had formed.
. (6.) There are also markings which are attributed to the
Sfowing of thick mud. There are others, produced apparently by
small eddyings of water in clay or mud which work out concavities
that afterwards become filled with clay and look as if made by
the valves of shells.

102. (2.) Kinds of structure not properly a result of deposition,
and mostly of subsequent origin.—The kinds of structure here
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included are (a) the concretionary, (b) the jointed, and (c) the slaty.
They are produced either in the process of consolidation or during
subsequent changes.

103. a. The Concretionary Structure.—This kind of structure has
been briefly explained in ¢ 80, and is here further illustrated.

Fig. 67 is a sphere,—a very common form. The sphericity is
frequently as perfect as in a bullet or cannon-ball, though usually
more or less ovoidal, and sometimes quite distorted. The size varies

Figs. 67-79.

from a mustard-seed and less to a foot or more; and generally those
that arg together in a layer of rock approach a uniformity in size.
They often have a shell, or a fragment of a plant, or some other
object, at the centre. In other cases they are hollow and filled
with crystals. The structure is often in concentric layers.

Figs. 68 to 75 are views of sections showing the interior. In 68 there is a
fossil shell as a nucleus; in some cases a fossil fish forms the interior of a con-
cretion. .

The structure in fig. 68 is represented as solid without concentric layers. In
fig. 69 the structure is concéntric, the layers either firmly adherent or easily
separating. In 70 a variety with a radiated structure is shown, consisting of
crystalline fibres diverging from the centre and showing crystalline apices over
the exterior surface. In fig. 71 the exterior is concentric but the interior is
filled with radiated crystallizations.
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In fig. 72 the interior is irregularly cavernous, as if it had cracked thus in
drying. In fig. 73 there is a similar result, but with more numerous and smaller
cracks, making a reticulation of them; and when these cracks are subse-
quently filled by carbonate of lime, heavy spar, or other material, by a process
of infiltration, it becomes a kind of septarium, and forms frequently a beautiful
object when polished. Some flattened concretions of this kind are a yard in
diameter. In 74 the interior isirregularly hollow, and filled around with a layer
of crystals (quartz crystals are the most common in such a condition), forming
what is called a geode,—a little crystal grotto. In fig. 75 the concretion is
hollow and contains another small coneretion. This variety is not uncommon.
They rattle in the hand when shaken.

Fig. 76 a, b are different views of flattened or disk-shaped concretions;
77 is another, approaching a ring-shape; 78, a combination of three flattened
concretions; 79, another, which is remarkable for the symmetry of its compound
form while so irregular.

Fig. 80 is part of a clay layer made up of flattened concretions. A concre-
tionary layer often graduates insemsibly into one in which no concretions are
apparent, through the coalescence of the whole. Fig. 81 represents a rock
made up of concretions of the size of peas,—a caleareous rock called pisolite
(from pisum, a pea). Each concretion has a concentric structure, the layers
easily peeling off. The oolite (named from wov, egg) is similar, except that
the concretions are as small as the roe of fish, or even as fine as grains
of sand.

Fig. 83.

A
v

104. Fig. 82 exhibits a crystalline rock with spherical concretions imbedded
in its mass and not separable from it,—each layer (of the three represented
8
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in each concretion) consisting of different minerals: for example, garnets
characterizing the centre, feldspar the middle layer, and mica the outer; and all
making a solid mass. The constitution of such concretions is very various. In
rocks containing feldspar they usually consist largely of feldspar, and some-
times of feldspar alone, or of feldspar with some quartz. The concretions in
pitchstone and pearlstone (called spherulites) are almost purely feldspathic, and
often separate easily from the rock.

105. Fig. 83 represents basaltic columns, like those of the Giants’ Causeway,
having the tops concave: at each joint in the columns, in such a case, there
would be the same concavity, a convex and concave surface fitting neatly
together like a ball-and-socket joint. This tendency to break with concave or
convex surfaces is another example of concretionary structure; and in the
example referred to, each column is an independent line of concretionary
solidification distinet from the others. This concretionary structure is often
wholly unobservable in the solid unaltered rock. But let it begin to decompose
by atmospheric agencies, and concentric or successive concave layers become
apparent; and sometimes they are so perfectly developed as to separate easily
and afford thin plates, or an imperfectly slaty structure.

106. In some granite and sandstone, decomposition develops in like manner
a concretionary structure. The rock, afyer partial alteration, peels off in con-
centric layers, and a bluff of granite which has undergone the change some-
times appears as if made up of huge rounded boulders piled together, with earth
or crumbling rock between; in fact, each of the masses resembling boulders was
the centre of a concretion. A sandstone often looks like an excellent stone for
buildings, which, after an exposure of a few months, will fall entirely to pieces.
Complete immersion in water is often a protection to such stone; and they
may frequently be used architecturally for submarine purposes when not fit for
structures out of water.
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Fig. 84 is a case of concretion in a sandstone alongside of a small fissure,
observed in Australia. The two concretions measured twenty feet across.
They consisted of layers from half an inch to two inches thick, which separated
rather easily. The rock elsewhere was without concretions.

Fig. 85 is from an argillaceous sandstone which before consolidation had been
intersected by slender mud-cracks, and subsequently, on hardening, each areo-
let became a separate concretion. The action of the sea had worn the surface
and brought the structure out to view.
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107. The concretions in sandstones are usually spheres or sphe-
roidal, while those in argillaceous layers are flattened disks.

Fig. 85.

In fig. 86 the lower sandstone layer (1) has no concretions ; the other (3) con-
tains spherical concretions; in the upper layer (4), an argillaceous sandstone, the
concretions are somewhat flattened and coalescent ; in the shaly layer (2) they
are very much flattened, and in its lower part coa-
lescent.

Coneretions sometimes take fanciful or imitative
shapes; and every geologist has had petrified tur-
tles, human bones, skulls, and toads brought him,
which were only examples of the imitative freaks
of the concretionary process. The turtles are usually
what are mentioned as septaria on page 95. Occa-
sionally concretions take long cylindrical forms, from
consolidation around a hole bored by a worm or mollusk, the hole giving pass-
age to the concreting ingredient; or they derive their form from some rootlet
or stem of a plant, in which case they are often branched.

A radiated arrangement is common when no distinet concretions are formed,
as with quartz corystals in irregular cavities.
Sometimes different points become centres of radia-
tion, producing a blending of distinct radiations, as
in fig. 87.

Very many of the mineral species shoot into stellar
and globular radiated erystallizations. Others, like
pyrites, readily collect in balls or nodules around a
foreign body as a nucleus, or, if none is at hand,
around the first molecule of pyrites that commences
the erystallization. This tendency in nature to concentric solidification is so
strong that no foreign nucleus is needed. The iron-ore of coal-regions is
mostly in concretions in certain layers of the Coal measures. The rounded
masses often lie imbedded in the clayey layer, or are so numerous as to coalesce
into a solid bed.

108. 5. The Jointed Structure.—dJoints in rocks are planes of fracture
or division cutting directly across the stratification and extending

Fig. 86.
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through great depths. The planes of division are often as even as
if a thin blade had been drawn through with a clean long stroke.
These joints may be in one, two, or more directions in the same
rock, and they often extend, with nearly uniform directions, through
regions that are hundreds of miles in length or breadth. The ac-

TFig. 88.

companying sketch represents the falling cliffs of Cayuga Lake,
and the fortress-shapes and buttresses arising from the natural
joints intersecting the rocks. The wear of the waters from time
to time tumbles down an old surface and exposes a new range
of structures.

Traversing the surface of a region thus intersected, the joints
appear as mere fractures, and are remarkable mainly for their great
_extent, number, and uniformity. In case of two systems of joints—
the case most common—the rock breaks into blocks which are rect-
angular or rhomboidal according as the joints cross at right angles or
not. In some places a layer looks like a rectangular pavement on
a vast scale. In others, where the layers are thick and coarse and
somewhat displaced, there is a resemblance to artificial fortifica-
tions, or cities in ruins, which is quite striking. The main system
of joints is usually parallel to the strike of the uplifts, or else to
the range of elevations or mountains in the vicinity, or to some
general mountain-range of the continent’ and the directions are
studied with much interest, because of their bearing upon the
geological history of the country.

The joints in rocks, when not too numerous, are often a great
assistance to quarrymen in quarrying rock, as they afford natural
sections of the layers.

109. ¢. Cleavage, or the Slaty Structure.—The slaty structure—or
cleavage, as it is called—is in some cases parallel with the planes of
deposition or bedding of a rock ; and such examples of it come under
a former head. But in many of the great slate regions, as in that of
Wales, the slate-lamination is transverse to the bedding, as shown in
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fig. 89, in which the lines q, 3, ¢, d show the lines of bedding, and
the oblique lines the direction of the slates. Whole mountains
have sometimes this kind of oblique or transverse lamination.

The sketch, fig. 89, by Mather,
is from the slate region of Colum- // >
bia county, N.Y. 07, 2

2%
%/7/% /

v,

Fig. 89.

Occasionally the lines of deposition are
indicated by a slight flexure in the slates b
at the spot, as in fig. 90. TIn other cases @
thereisathin intermediate layer of quartz @a%/z
rock or limestone which does not partake
of the cleavage. Fig. 91 represents an interstratification of clay-layers with
limestone, in which the former have the cleavage, but not the latter,—though the
limestone sometimes shows a tendency to it when argillaceous. Fig. 92 repre-

sents a rock with two cleavage-directions; and 93 a quartzose sandstone which
has irregular cleavage-lines. These last two cases show that the jointed structure
is but one variety of the cleavage-structure, and that both have the same origin.

Fig. 92. _Fig. 93.
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Sedgwick first detected the true lines of bedding, and ascertained that the
slaty structure was one that had been superinduced upon the clayey strata by
some process carried on since they were first deposited.

The foliated structure (or foliation) of mica schist, gneiss, and related schist-
ose rocks appears to be sometimes transverse to the bedding, like most slaty
cleavage. But, as in the slates, it is not universally so, and the rock in each
region requires a special examination with reference to this point.

3. Positions of Strata.
110. The natural positions of strata as formed, and the positions

resulting from the disturbance or dislocations of strata, are two dis-
tinct topics for consideration in this place.
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1. The natural positions of strata as formed.—Strata in their
natural positions are commonly horizontal, or very nearly so. The
level plains of alluvium and the extensive delta and estuary flats
show the tendency in water to make its depositions in nearly hori-
zontal planes. The deposits formed over soundings along sea-coasts
are other results of sea-action; and here the beds vary but little
from horizontality. Off the coast of New Jersey, for eighty miles
out to sea, the slope of the bottom averages only 1 foot in 700,—
which no eye could distinguish from a perfect level. As the processes
of the present period along coasts illustrate the grand method of
rock-accumulation in past time, it is plain that strata when in
their natural positions are very nearly, if not quite, horizontal.
Over a considerable part of New York and the States west and
southwest, and in many other regions of the globe, the strata are
actually nearly horizontal at the present time. In the Coal form-
ation, the strata of which have a thickness, as has been stated, of
five to fifteen thousand feet, there is direct proof that the beds were
horizontal when formed; for in many of the layers there are fossil
trees or stumps standing in the position of growth, and sometimes
several of these rising from the same layer.
Fig. 94 represents these tilted coal-beds ¢, ¢,
with the stumps s, s, s. Since these trees
must have grown in a vertical position, or
at right angles to the ground, like all others,
and as now they are actually at right angles
to the layers, and parallel to one another,
they prove, whatever the present condition
of those layers, that originally they were horizontal. The posi-
tion of shell-accumulations and coral-reefs in modern seas shows,
further, that all limestone strata must have been very exactly hori-
zontal when they were in the process of formation.

Fig. 95.

In sedimentary deposits, however, some variation jfrom horizon-
tality may be produced by the slope of the sea-bottom in certain
cases; and off the mouths of rivers in lakes (fig. 95) quite a con-
siderable inclination may result from the fact that the successive
layers derived from the inflowing waters would take the slope of
the bottom on which they fall. Cases of inclined position from
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this cause are necessarily of limited extent, since the conditions
required for the result are not such as are likely to exist on a very
large scale.

It follows, from these facts, that, unless strata have been disturbed
from their natural positions, the order in which they lic is the order of
relative age,—the most recent being highest in the series.

111. (2.) Dislocations of strata.—Strata, although generally in
horizontal positions when formed, are in most regions, at the present
time, tilted, or inclined, and the inclinations vary from a small angle
to verticality, or even beyond verticality. They have been raised
into folds, each fold often many miles in sweep and equal to a
mountain-ridge in extent. They have been crumpled up into
groups of irregular flexures, one fold or flexure succeeding to
another, till like a series of wrinkles—and necessarily coarse
wrinkles—on the earth’s surface. Every mountain-region presents
examples of these flexures, or uplifts; and most intermediate plains
have at least some undulations in conformity with the system in the
mountains.

In connection with all this uplifting, there have been frac-
tures on a grand scale; and strata thus broken have been dis-
placed or dislocated by a sliding of one side of such a fracture
on the other, through varying distances from a few feet to
miles,—one side dropped down to this extent, or the other side
shoved up.

The subject, then, of the dislocations of strata is an important
one in Geology. The history of the continents and their mountain-
ranges, as well as of all their strata, is involved in it.

112. Uplifts, Folds, Dislocations.—The following sections illus-
trate the general facts respecting these uplifts, folds, and dis-
locations.

Fig. 96. Fig. 97.

Fig. 96 represents a part of the Coal formation broken and dislo-
cated, the beds (the coal-beds 1 and 2 and the other layers) being
changed in direction as well as disjoined in the fracturing. Fig. 97
is another example of similar kind and greater extent. c¢is the



104 LITHOLOGICAL GEOLOGY.

coal-bed. It is broken by the line ¢ ¢, which is here a wide fissure
filled by rock, and also by r r, another fissure filled by earth from
above. Fig. 98 is an actual section of a part of the Appalachians,

Fig. 98.

six miles in length, showing the foldings and contortions of the
strata in those mountains.
Some of the kinds of flexures and curvatures are shown in the

Fig. 99.

annexed figures a-E, to appreciate which it must be understood
that these flexures may be each from a few feet to scores of miles
in extent, that they form undulations over vast regions, and some-
times make lofty mountains.

The two slopes of a fold may be alike; or, as in B, ¢, D, one
may be much steeper than the other. The line a z shows the
position of the axial plane of the fold in each case. The
ridge-line of a fold may be horizontal, but more commonly it is
inclined and reaches gradually its greatest elevation. Moreover,
one fold or flexure in the rocks may succeed to another, or they
may form interrupted series. Such are some of the various con-

ditions which have been observed, especially in mountainous re-
gions. Fig. 100 represents a section, by Logan, from the Azoic
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rocks of Canada. The folded rocks are often overlaid by others of
more recent date.

113. In describing the positions of strata, the following terms
are used :—

a. Outcrop.—A ledge or mass of rock coming to the surface, or
cropping out to view at the surface or above it (fig. 101).

Fig. 101.

b. Dip.—The slope of the strata, or the angle which the layers
make with the plane of the horizon; as a p (fig. 101). The direction
of the dip is the point of the compass towards which the strata
slope: for example, the dip may be 25° to the southeast, or 15° to the
west, and 80 on.

c. Strike.—The direction at right angles with the dip, or the
course of a horizontal line on the surface of the inclined beds,
as s t.

The outcropping edges are sometimes called basset edges.

d. Anticlinal —An anticlinal ridge is a ridge made of strata sloping
in opposite directions, as a, B, ¢, in fig. 99. An anticlinal axis is
the axial or ridge line of such aridge: it lies in the axial planea .
The word anticlinal is from the Greek avri, opposite, and xiwe, I
incline.

e. Synclinal—A synclinal valley is a valley formed by strata sloping
downward from either side, as the middle part of fig. 99 8; and a
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synclinal axis is the axial line of the valley, in the plane ax. The
word is from ow, fogether, and kAwe, I incline.

114. The direction of the strike is ascertained by means of a pocket-
compass, and the dip with an instrument called a clinometer. Two
instruments of this kind are represented in fig. 102. abcd is simply a
square block of wood, with a graduated arc ¢ 4, the centre of the arc
being at a point near a. From a pivot at this point a plummet or
pendulum is hung. On placing the side ¢d on an inclined plane
(A B) the angle is marked off by the position of the pendulum,
which of course hangs vertically.

A clinometer of this kind is often combined with a pocket-compass, the pen-
dulum being hung from its centre. This is the most convenient kind of cli-
nometer. If there is a black line marking horizontality across the face of a
clinometer of this kind, the angle may be taken by holding the instrument
between the eye and the dipping edges that are to be measured, and putting
this black line parallel with these edges; the pendulum will mark the angle of
dip. In the same manner the slope of the outline of a distant hill or mountain
may be measured.

The other clinometer has the form of a foot-rule jointed at the middle.
There is a level at k, by which the leg d ¢ is brought to a horizontal line while
the other lies on the inclined plane. The angle between them is read off on a
graduated arc near the joint. At: a small compass is attached.

In using any clinometer, it is well to place a long strip of hoard upon the
layer of rock, lest the unevenness of surface lead to error.

Faults—Faults are dislocations of the strata in the plane of a frac-
ture, as seen in the coal-layers, figs. 96, 97 ; and the amount of fault
is the amount of dislocation. We may say, for example, a fault of
ten feet, or one thousand feet, or of five miles, and so on, according
to the extent of it as ascertained by actual measurement.

Fig. 103,

115. Complexities in stratified deposits drising from denudation and other
agencies.—By the denuding action of waters, strata are removed over

Fig. 104.
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extensive territories, the tops or sides of folds are carried away, and
various kinds of sections made of the stratified beds, which are often
perplexing to the student.
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One of the simplest of these effects is the entire removal of the
rocks over wide intervals, so that the continuation of a stratum is
met with many miles distant, as in figs. 103, 104.

The result is more troublesome among the flexed or folded strata.
A series of close flexures, like fig. 105, worn off at top down to the
line a b, loses all appearance of folds, and seems like a series of layers

Fig. 105. Fig. 106 a. Fig. 106 &.

IR

dipping in a common direction. This is best seen from a single fold
(fig. 106 ). If the part above the line a b were absent, the five layers
would seem to be a single regular series, with 1as the top layer, 3,3/
the middle, and 17 the bottom one; while the fact is that 1 and 17 are
the same layer, and 3,3/ is actually a double one. In a number of
such folds the same layer which is made two in one fold would be
doubled in every other, so that in a dozen folds there would seem to
be twenty-four when in fact but one. A mistake as to the order of
succession would therefore be likely to be made, also as to the num-
ber of distinct layers of a kind, and also as to the actual thickness
of the middle layer. Instances of a coal-layer doubled upon itself,
like 3,3/, and of others made to appear like many distinct layers,
occur in Pennsylvania. On this point special facts are mentioned in
the chapter on the Coal formation.

Other effects of denudation are exemplified in the sketch fig. 98. The
stratum No. III. is a folded one, with its top partly removed; the layers within
a short distance dip in opposite directions. The layer No. IV. to the left is
the same with IV.to the right; but they are widely disjoined and very different
in direction. Again, V. lies upon the top of the highest summit, nearly hori-
zontally, and in a shallow basin: yet it is part of the stratum V. to the left,
which is obviously much folded. The observer finds it necessary to study the
alternations of the beds with great care, in order to succeed in throwing into
system all the facts in such a region. The coal-regions of Pennsylvania, the
whole Appalachians, all New England, and much of Great Britain and Europe,
illustrate these complexities arising from flexures and denudation.

116. There is difficulty also in ascertaining the true dip of strata
from exposed sections. In fig. 107, stur is the upper layer of an
outcropping ledge of rock, dp the line of dip, st the strike. The
ledge shows four sections 1,2, 3,4. On 1 the edges have the same
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dip as d p, but on 2, 3, and 4 the angle as obtained from the ex-
posed edges would be different; and on the last the edges would
be horizontal, or nearly so. Thus all sections except the one in the
direction of the true line of dip (or at right angles to the strike)
would give a false dip. By finding the surface of a layer exposed to

Fig. 107.

view, the true direction of the dip or slope may be ascertained and
the error avoided. )

117. The following figures (fig. 108) still further illustrate this subject, by
showing the variations of direction that may be obtained from the sections of a
single folded ridge, For simplicity of explanation, the fold is supposed to be a
symmetrical one, though with the ridge-line or anticlinal axis (a b in A) inclined.
In A the section is vertical; but to obtain from the measurement of the exposed

Fig. 108.

PP A

edges the true dip, it should have the direction of the arrows, that is, be at
right angles to the strike ; for the layers fold over the ridge in this dircction.
In B the section is very obliquely inclined; in C it is horizontal, and the edges
show nothing of the actual dip; in D the section follows the line of strike; in
E it is oblique behind; in F it is an oblique section on one side; and in G a
vertical section in the axial plane. All of these sections give wrong results to
the clinometer,—a section in the direction of the arrows in fig. A being the only
one in which the dip of the exposed edges is the dip of the layers or strata.
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If the axis of the fold make a very small angle with the horizon, then the two
sides in a horizontal section (such as may result from denudation) will be much
elongated (fig. 108 I), instead of short as in fig. C'; and if the axis is horizontal
the two sides will not meet at all, and the fact of the existence of a fold is
not apparent. Even in the former case there might be difficulty in deter-
mining the fact of a fold, if the part where the sides unite were concealed
from view by the soil or otherwise. But in each case there may be evidence of
a fold in the order of the beds in the two sides; for this order on one side would

Fig. 108 T.

be just the reverse of that on the other. If, in fig. I, ¢ ¢ represent a coal or
iron-ore bed having its border ¢ more impure than the rest, this border,
if it were on the east side in one half of the fold, would be on the west side
in the other half.

The difficulties in the way of correct observation on folded rocks are further
enhanced when the axial plane of the fold is inclined,—especially when it is
so inclined that both sides of the fold have the same dip (fig. 106 a). Still
closer study is required when several folds are irregularly combined, as is com-
mon in nature.

This important subject may be further studied by uniting sheets of different-
colored card-board together, bending them into a fold, and then cutting them
through in different directions.

118. Distortions of fossils.—These uplifts of the rocks, besides
disturbing the strata themselves, cause distortion also in im-
bedded fossils,—either (1) a flattening from simple pressure, or,
in addition (2), an obliquity of form, or else (3) a shortening, or (4)
an elongation.

The following figures, from a paper by D. Sharpe, illustrate some of these dis-
tortions occurring in a slate rock in Wales. They represent two species of shells,
the Spirifer disjunctus (figs. 1 to 4) and the Spirifer giganteus (figs. 5 to 8).
Fig. 1 is the natural form of S. digjunctus ; the others are distorted. The lines
z z show the lines of cleavage in the slate; 2 lies in the rock inclined 60° to the
planes of cleavage, and is shortened one-half; 3 lay obliquely at an angle of 10°
or 15°; it is shortened above the middle and lengthened below it; 4 is a cast,
the upper part pressed beneath that shown, while the lower is much drawn out;
5 is like 3, the angle with the cleavage-plane being less than 5°; the lower part
has lost its plications by the pressure and extension ; 6 has a similar angle to the
cleavage-plane, but a different position; 7 intersects the cleavage-plane at only
1°, and its lower part is very much prolonged. Compression, a sliding of the
rock at the cleavage-planes, and more especially a spreading of the rock itself
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under the pressure, are the causes which have produced these distortions.
Univalves and all fossils are liable to become similarly misshapen under the

same causes.

119. Calculating the thickness of strata.—When strata are inclined, as
in fig. 110, the thickness is ascertained by measuring the extent
along the surface, and also the angle of dip, and then calculating the

thickness by trigonometry. The thickness of the strata from a to b
is b d, the line b d being drawn at right angles to the strata. Mea-
suring a b, and the dip, which is the angle b a d, the angles and hypo-
thenuse of the triangle a b d are given to determine one side 4 d. Or
with the distance a e the side ¢ ¢ would be found.

But it is important, for trustworthy results, that the absence of
Jaults be first ascertained. The figure (110) represents a fault at &g,
so that the strata 1, 2, 3, 4 to the left are repeated to the right;
and hence the whole thickness is b d instead of ¢ e. There may be
many such faults in the course of a few miles; and each one would
increase the amount of error if not guarded against.
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120. It is seen from the figure that a single inclined stratum consisting of the
layers 1, 2, 3, 4 would have a surface-width (width at the earth’s surface or on
a horizontal plane) of @ b. But by means of the fault another portion is brought
up to the surface, and a b is increased to @ c¢. So other faults might go on
increasing the extent of the surface-exposure. This is further illustrated in
fig. 111. Let A be a stratum 10,000 feet thick (a to ¢) and 100,000 feet long
(ato d). Letit now be faulted as in fig. B, and the parts uplifted to a dip
of 15°,—taking a common angle for the parts, for the sake of simplicity of
illustration. The projecting portions being worn off by the ordinary processes
of denudation, it is reduced down to fig. C, m n being the surface exposed to the
observer. The first error that might be made from hasty observation would
be that there were four distinct out-

cropping coal-layers (calling the Fig. 111.

black layer thus), instead of one ; 1 -
and the second error, the one above , 1;"
explained with regard to calculating ; —id

the thickness of the whole stratum
from the entire length m n in con-
nection with the dip. If the stratum
were inclined at 15° without fault-
ing, it would stand as in fig. D;
and if then worn off to a horizontal
surface, the widest extent possible
would be c¢r,—less than half what
it has with the three faults. The
length of ¢ » may be determined
from the thickness @ ¢ and the
angle of dip, the angles and one
side of the triangle being given to
find the hypothenuse.. With a dip of 15°it would be less than four-tenths of a b;
with a dip of 30°, one-fifth of a b; with a dip of 45°, less than one-seventh.

It is plain also, without further explanation, that when a layer is
folded many times upon itself, as explained on p. 104, a large extent
of horizontal surface of tilted beds may be produced even when the
stratum thus folded has of itself little thickness.

121. Unconformable strata.—Another consequence of the tilting or
displacement of strata is this: that deposits are often laid down upon
the upturned edges of older rocks. Fig.112represents cases in which,

Fig. 112.

after the rocks below had been folded or upturned, other strata were
laid down at a b horizontally on the inclined beds, being thus uncon-
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Jormable to those beds. Below e¢f there are really two sets of wun-
conformable beds in a synclinal valley; and, moreover, the lower
strata were much faulted and upturned before the upper were laid
down upon them. The Connecticut River sandstone, like the
latter, lies in a synclinal valley of older rocks, is more or less faulted,
and is overlaid by horizontal alluvial beds.

There is here exemplified a method of arriving at the period or time of
an uplift. In such cases of unconformability, the upturning of the lower
beds must have taken place after they were made, and before the
deposition of the overlying beds. The time of the upturning, therefore,
was between the period to which the upturned rocks belong, and
that of the overlying deposits.

Deposits like those at e f are true basin or trough deposits ; for they are formed

in basins or depressions of the surface. Such deposits may, in general, be dis-
tinguished by their thinning out towards the sides of the basin. Yet when
synclinal valleys are shallow it is easy, and not uncommon, to mistake beds
conformable with the strata below
for such basin-formations. The beds Fig. 113.
a b (fig. 113) lie in the synclinal val-
ley m « like a basin-deposit, though
not so. They were disconnected
from the stratum with which they
were once continuous, by denudation
over the anticlinal axes m and n. Hence the beds a b were formed before the
folding of the beds, and not ayter it,—an historical fact to be determined in all
such cases with great care.

4. Order of arrangement of Strata.

122, The true order of arrangement of strata is the order in
which they were made, or their chronological order.

Difficulties.—There are several difficulties encountered in the
attempt to make out such an order. The stratified rocks of the
globe include an indefinite number of limestones, sandstones,
shales, and conglomerates; and they occur horizontal and dis-
placed, conformable and unconformable, part in America and part
in Europe, Asia, and Australia, here and there coming to view,
but over wide areas buried beneath soil and forests.

Moreover, even the same bed often changes its character from
a sandstone to a shale, or from a shale to a limestone or a con-
glomerate, or again to a sandstone, within a few scores of miles,
or, if it retains a uniform composition, it changes its color so as
not to be recognized by the mere appearance. Again, some
strata are of very limited extent, while others spread widely over a
continent.
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Again, a stratum of one age may rest upon any stratum in
the whole of the series below it,—the Coal measures on either
the Azoic, Silurian, or Devonian strata; and the Jurassic, Creta-
ceous, or Tertiary on any one of the earlier rocks, the intermediate
being wanting.

In addition, denudation and uplifts have thrown confusion among
the beds, by disjoining, disarranging, and making complex what
once was simple. In the United States, many a sandstone in New
York and Pennsylvania is represented by a limestone in the Ohio
and Mississippi valleys,—that is, the two were of cotemporaneous
origin; some rocks in eastern New York are not found in the
western part of that State, and some in the central and western
not in the eastern. The Post-Tertiary in America in some places
rests on Azoic, in others on Silurian or Devonian, in others on
Cretaceous or Tertiary. And, if so great diversity of condition
exists in one country, far greater may be expected between dis-
tant continents.

Amidst all these sources of difficulty, how is the true order ascer-
tained ?

123. Means of determination.—It is plain from the preceding
remarks that the true method cannot consist in grouping rocks of
a kind together, as limestones, shales, or sandstones. It is irre-
spective of kinds, and is founded on a higher principle,—the
same which is at the basis of all history,—successiveness in events.
The following are the means employed.

(1.) Order of superposition.—When strata are little disturbed, ver-
tical sections give the true order in those sections and afford
valuable information. Or where the strata outcrop over the surface
of a country, the succession of outcropping layers affords a section,
and often one of great range. The vertical extent of such a section

“may be ascertained as explained in § 119. In using this method by
superposition, several precautions are necessary.

Precaution 1st.—Proof should be obtained that the strata have not
been folded upon one another, so as to make an upper layer in any
case a lower one in actual position (see p. 107),—a condition to be
suspected in regions where the rocks are much tilted, but not where
the tilting is small.

Precaution 2d.—It should be seen that the strata under examina-
tion are actually continuous.

‘A fault in the rocks may deceive; for it makes layers seemingly
continuous which are not so. In some cases, beds forming the
upper part of a bluff (as e b, fig. 114) have settled down bodily

(¢) to the bottom, so as to seem to be continuous with the older
9
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ones of the bottom (as ¢ with d). In one instance a mistake was
thus made with respect to the age of a human relic, which a
little care might have avoided. In other

cases, caverns in rocks have been filled Fig. 114.
through openings from above, and the
same kind of mistake made. When the
continuity can be established, the evi-
dence may sometimes lead to important
results. For example, it may be found
that a coal-bed followed for some miles
to one side or the other is continuous with
a clay shale, and both are actually one layer; that a sandstone is
one with a limestone a few miles off; that an earthy limestone full
of fossils is identical with a layer of white crystalline marble in a
neighboring district; or that a fossiliferous shale of one region is
the same stratum with the mica schist of another.

Precaution 3d.—Note whether the strata overlie one another con-
Jormably or not.

Precaution 4th—When one bed overlies another conformably, it
does not follow necessarily that they belong to consecutive periods.
The Tertiary beds may rest conformably on any stratum from the
Cretaceous to the Silurian. A range of conformability so conti-
nuous is not, however, usual ; for disturbances of the strata have
been so common in past time that the later rocks are seldom con-
formable to the older. Among rocks comparatively near in age,
however, it is common to find strata wanting, without any break
in the conformability.

The criterion mentioned, unless connected with others, gives no
aid in comparing the rocks of distant or disconnected regions. For
this purpose other means must be employed.

124. (2.) Color, texture, and mineral composition.—This test may be
used to advantage within limited districts, yet only with caution.
There were at one time in geology an ‘“old red sandstone” and a
“new red sandstone,” and whenever a red sandstone was found it
was referred at once to one or the other. But now it is well under-
stood that the color is of little consequence, except within a small
geographical range. The same general remark holds with reference
to mineral composition.

One inference from the constitution of a stratum is safe; that is,
that the stratum is more recent than the rock from which its mate-
rial was derived. Hence an imbedded fragment of some known
rock may afford important evidence with regard to the age of the
containing stratum.
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It is common to judge of the age of igneous rocks by their composition ; but
it is an unsafe criterion. Some use may be made of it hereafter in settling cases
that remain doubtful, but not until the age of the greater part of such rocks
has been ascertained on evidence of a better kind than this. In the case of
metamorphic rocks of different ages it may prove of value when their dis-
tinctive peculiarities are thoroughly known.

125. (3.) Fossils.—This criterion for determining the chronological
order of strata takes direct hold upon time, and, therefore, is sure
and sufficient. The life of the globe has changed with the progress of time.
Each epoch has had its peculiar species. Moreover, the suocession of
life has followed a grand law of progress, involving under a single
system a closer and closer approximation in the species, as time
moved on, to those which now exist. It follows, therefore, that

Identity of species of fossils proves approximately identity of age.

The change has not consisted in a change of species alone, but
also in certain grand modifications of type or structure.” Thus, for
fishes there are both ancient and modern types; and in most
of the classes there are great groups which belong to the past and
mark the progressing ages,—as Trilobites mark the Palxozoic,
Sigillarize the Coal period, Ammonites and flying reptiles the
Reptilian age. Hence the canon may have the broader form,—

Identity of type or family in organic forms proves identity of age.

The canon is a universal one. Had we a table containing a list
of the complete series of rocks, and of the families, genera, and
species of fossils which each contains, it would be a key for the
rocks of the whole world,—South and North America as well as the
Orient; and by comparing the fossils of any rock under investi-
gation with this key, the age would be approximately ascertained.
This is the method now pursued in studying the geology of the
globe. The key is, in fact, already so complete that it is constantly
appealed to by the geological observer. The list which is made
for the Silurian and Devonian rocks in New York State is used
for identifying the strata of the Mississippi basin; and that
which has been prepared in Europe is constantly employed to
make out the true synchronism between the rocks of the two,
continents. '

By such comparison of fossils it was discovered that the Chalk
formation exists in the United States, although there is no chalk
on the continent; that the Coal formation of North America and
that of Newcastle, England, belong to the same geological age;
and so in numberless other cases of identity between the strata
of distant continents.

The commencement in the preparation of such akey was attended
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with much difficulty. In New York State it was necessary—first to
study all the sections in the eastern, central, and western parts, and
determine carefully the fossils in each stratum; then to compare
the sections with one another: when any case of identity in the
fossils among these strata of the different sections was observed,
it was set down as one horizon determined. By this method, and
other aid from observing the continuity of beds, one horizon after
another was ascertained, and the strata between were arranged
according to their true order of succession.

There are precautions required in the use of this key, depending
on individual differences in the continents and diversities in the
range of fossils, which will be better understood after a review of
the general progress of life on the globe.

126. Subdivision into Ages.—By the means explained, great
progress has been made in arranging the rocks of the different
continents in a chronological series. North America has some
large blanks in the series, which in Europe are filled; and in this
way various countries are contributing to its perfection. This
series has been divided into Ages, based on the progress of life,
as follow :—

I. Azoic Ack (from a, privative, and {wov, animal)—Containing no
traces of animal life.

II. SiLuriaN AGE, or AGE oF MorLusks.—Mollusks the dominant
race.

III. DEvoNniaN AgGE, or AGE oF Fisues.—Fishes the dominant
race.

IV. CarBoNIFEROUS AGE, or AGE oF AcrRoGENS.—Characterized by
coal-plants, or Acrogens. .

V. RepriniaN Ace.—Reptiles the dominant race.
VI. MaMmaLiaN Ace.—Mammals the dominant race.

VII. THE AcE oF MaN.

The subdivisions are given beyond. .

127, Thickness of the stratified rocks.—The whole thickness of
the rocks in the series has been stated at fifteen or sixteen miles.
But this includes the sum of the whole grouped in one pile. As
‘the series is nowhere complete, this cannot be said to be the thick-
ness observed in any one region. The rocks of New York, down
to the Azoic, counting all as one series, are about 13,000 feet in
thickness. They include only the Silurian and Devonian (except-
ing the Triassic in the southeast). To the north they thin out
to a few feet, while they thicken southward towards Pennsyl-
vania. In Pennsylvania the rocks include the Carboniferous,
and the whole thickness is at least 40,000 feet. This is exclusive
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of the Triassic, which may add a few thousands to the amount,
In Virginia the thickness is still greater; but no exact estimate
has been made. In Indiaha and the other States west it is only
4000, although extending, as in Pennsylvania, to the top of the
Carboniferous. The greater part of the continent of North Ame-
rica east of the Missigsippi is destitute of rocks above the Carboni-
ferous.

In Europe the rocks of the later periods are far more complete
than in North America, while the older also, according to the
estimates stated, exceed the American. In Great Britain the
thickness to the top of the Carboniferous is over 60,000 feet, and
from the Carboniferous to the top of the series little less than
10,000 feet more. This amount is the sum of the thickest deposits
of the several formations, and not the thickness observed in any
particular place.

2. UNSTRATIFIED CONDITION.

128. The larger part of the crystallized rocks are sedimentary
rocks altered or crystallized by heat or other means; and they are,
therefore, not true examples of unstratified rocks. In general they
still retain the lines of deposition distinct. "When gneiss and mica
schist are found in alternations with one another, it is plain that
each layer corresponds to a separate layer in the original deposit,
and the beds, although crystalline, are still as really stratified as
they ever were.

In some metamorphic rocks, however, the appearance of stratifi-
cation is lost; and such may be properly said to be unstratified.
Yet it should be understood that the name does not imply that
they never were stratified, but that this is now their apparent con-
dition. Granite and syenite are unstratified rocks of this kind. In
much granite there is no lamination, no arrangement of the con-
stituent minerals in parallel planes, no evidence of subdivision
into layers. But even this true granite, a few miles off, may become
a schistose or gneissoid rock, and, a short distance farther on,
by gradual transition, a gneiss in which a schistose structure is
very distinct.

Examples of the unstratified condition are common among true
igneous rocks. The ridges of trapor dolerite which range in lofty
masses over many districts—as the Palisades on the Hudson, Mounts
Tom and Holyoke and other trap ridges of the Connecticut valley,
the trap of the Giants’ Causeway and of Fingal’s Cave—are some
of these examples. The rocks were melted when they came up
to the light through fissures, and they now stand without any
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marks of stratification. The sketch below represents a scene
among rocks of this kind in Australia. The dome-shaped masses of

Fig. 115.

Basaltic columns, coast of Illawana, New South Wales.

trachyte in some regions of ancient volcanoes, and the interior mass
of many great volcanoes,—sometimes exposed to view through rend-
ings of the mountain or denudation by water,—are also examples.
But the ordinary outflows of liquid rock from volcanoes usually
produce layers, which are covered afterwards by others in succession ;
and volcanic mountains, therefore, have to a great extent a strati-
fied arrangement of the rock-material, and not less perfectly so
than bluffs of stratified limestone. Moreover, the same rock which
forms the Giants’ Causeway may in other places be interstratified
among sandstones and shales; for the layer of igneous outflow,
wherever it takes place, may be followed afterwards by deposits
of sand or other sediment.

129. Another example of unstratified material is found in the
loose pebbles and stones which cover a large part of the northern
half of both the American and European continents. Any ordi-
nary mode of action by water lays down sediments in layers. But
these accumulations—often called drift—are of vast extent and
without layers. Wherever the same kind of material is in layers,
it is then said to be stratified; and thus it is distinguished from the
unstratified.

There may, therefore, be both stratified and unstratified sedi-
ments, and stratified and unstratified igneous rocks; and by the
obliteration of the planes of deposition by metamorphism there
may* be unstratified metamorphic rocks like granite, as well as
stratified.

130. On the subject of the structure of these rocks, it is only
necessary to refer to the ordinary massive structure of granite
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and trachyte, ete., and to the columnar structure met with among
igneous rocks. The last is represented in the figure given above.
There are all shades of perfection in this columnar structure, from
prisms of great height with perfectly plane sides, to a mere ten-
dency to split in prismatic forms; and also from this less perfect
prismatic character, to the massive structure with no trace of
columnar fracture.

For a continuation of this subject, see the chapter on igneous
operations, under Dynamical Geology.

131. (1.) Geeneral nature of veins.—Thevein condition.—Veins are
narrow plates of rock intersecting other rocks. They are the fill-
ings of cracks or fissures ; and, as these cracks or fissures may either
extend through the earth’s crust to the interior and divide it
for long distances, or reach down only for a limited depth, or be
confined to single strata, so veins are exceedingly various in extent.
They may be no thicker than paper, or they may be scores of
rods in width, like the great fissures opened at times to the earth’s
inner regions by subterranean agency. They may be clustered
80 as to make a perfect net-work through a rock, or may be few
and distant. And, as strata have been faulted, so veins also may
have their faults or displacements. All those subterranean move-
ments that produce joints and fractures in rocks may give origin
to veins.

(2.) Subdivisions.—Veins are divided into dikes and proper veins.

Dikes are filled by volcanic rocks, basalt, trap, or some other ig-
neous rocks, and have regular and well-defined walls.

Veins are occupied by quartz, granitic rocks, metallic ores,
caleite, fluor spar, heavy spar, etc.,—ingredients which are less ob-
viously a liquid injection from peiow, and probably never of this
nature. They are generally irregular in form, often indistinct in
their walls, and very varying in their ingredients. They abound

Fig. 116. PFig. 117.

in regions of metamorphic rocks. Veins have been subdivided
into kinds ; but the divisions need not here be considered.
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(3.) Forms and faults of veins and dikes.—Fig. 116 represents
two simple veins or dikes (« @ and b b) intersecting stratified rocks.
Fig. 117, a net-work of small veins.

Fig. 119.
Fig. 118.

Fig. 118, small veins of quartz intersecting gneiss,—the mass five feet square.
The veins do not all cross one another, and correspond to the cracks which
result from contraction, as by sun-drying or cooling, rather than to those of
any other mode of fissuring.

Fig. 119. Two veins @ a/, presenting some of the common irregularities of
mineral veins in size, the enlarged parts containing mostly the ore: a is faulted
by another vein b, which is of subsequent formation.

Fig. 120.

Figs. 120, 121, 122. Examples of granitic veins of very large size in a
gneissoid granite, showing their subdivisions and various irregularities (taken
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by the author from granitic rocks near Valparaiso). The veins undergo con-
stant changes of size, and in some places encircle masses of rock resembling

Fig. 122.

v

the rock outside. The rock adjoining the vein is more micaceous than that at
a distance, and the direction of the lamination (as indicated in the figures) varies
with some reference to the intersecting veins, curving approximately parallel
to the veins on two opposite sides m and », and not at all so on the other two
o and p. The subdivisions of the veins in fig. 121 cross one another in an alter-
nate manner, « cutting d and e but cut by ¢, and b cut by ¢, d, and e; and in
122, although the veins are similar in constitution, one cuts the other; and in
120 the two crossing veins are broken and subdivided at the intersection so as
to appear like one vein stretching off in two directions like a letter X.

Fig. 123. A vein a faulted by b,—whence it is inferred that b is subse-
quent to « in age. Also a vein 1 faulted by 2 and again by 3, and 3 faulted

Fig. 124.  Fig. 125.  Fig. 126. Fig. 127.

by 4: 2 and 3, therefore, were subsequent in age to 1, and 4 was subsequent to 3.
The faulting is exhibited also in the layers of the stratified rocks which the
veins intersect.
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Figs. 124, 125, 126. Veins much broken or faulted : in 124, four faults within
a length of eighteen inches; in 125, six faults in six feet; in 126, the broken
parts of the vein of unequal breadth.

Fig. 128. Fig. 129.

%s%ﬁ 77/__\

Figs. 127, 128, 129. Other faulted veins, 127 a and b, six feet apart, and still
different in their faults; 128, 129, other interrupted veins. These dissimilarities
between the parts of one faulted vein, as in 126, and between the parts of two
parallel veins, as in 127, arise from an oblique shove of the parts either at the
time of the fracturing in which the veins themselves originated, or at some
subsequent fracturing.

The points here illustrated are,—

The great irregularities of size in veins along their courses,
swelling out and contracting; their occasional reticulations ; their
frequently embracing portions of the enclosed rock; their nume-
rous faultings or breaks and displacements.

132. (4.) Structure.—Dikes.—Dikes consist essentially of the
same kind of material from side to side and at all heights, where not
altered by exposure to the air. The structure may be simply
massive, or cracked irregularly, as in many voleanic dikes. But
frequently there are transverse fractures, producing a columnar
structure, so that a dike is like a pile of
columns. For a short distance from the
walls the structure is generally imperfect
(fig. 130); and in many cases there is an
earthy layer along the sides, or even a lami-
nated structure parallel with the walls
(fig. 131), produced by the friction of the
rising liquid mass against the walls of the
fissure.

133. Veins mnever have the transverse columnar structure of
dikes. The simplest consist of one kind of material,—as quartz,
granite, heavy spar,—and are alike from side to side. But others
have a banded structure not found in dikes, consisting in an
arrangement of the material parallel to the walls. Fig. 132
represents such a vein, consisting of eleven bands: 1, 3, and 6 are

Pig. 130. Fig. 131.
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bands of quartz; 2, 4, of a gneissoid granite; and 5, of gneiss.
Of banded veins, the simplest is a vein with three bands, one
central; but the number may be a score or
more.

Instead of being simply rock-material, as in
fig. 132, the bands may be partly metallic ores
of different kinds, and calcite, heavy spar, fluor
spar, may make the alternating bands instead
of granite or gneiss. A great vein at Frei-
berg consists of layers of blende, quartz, fluor
spar, pyrites, heavy spar, calcite, each two or
three times repeated, the layers nearly corre-
sponding on either side of the middle seam.

Thus this banded structure is as much cha-
racteristic of veins as the columnar structure is of dikes: each
fails of the peculiarity in their simpler kinds.

The bands of a vein are far from uniform at different heights,
even when the width of the vein is constant ; and they vary exceed-
ingly through the contractions and expansions which take place at
intervals. The expanded portions may alone be banded, or consist
of layers parallel to the sides, or contain ore.

The mineral or rock-material accompanying the ore in a vein is
called the vein-stone, or gangue. The most common kinds of vein-
stone are quartz, calcite, barytes, and fluor.

In studying veins, besides noting their extent, mineral cha-
racter, and structure, it is important to ascertain their strike and
angle of dip. There is generally an approximate uniformity of
strike in a given region; and frequently the direction is parallel to
the principal line of elevation in the region. The nature of the
walls or adjoining rock, and systems of faults, are other points that
should receive close attention.

134. False veins.—Besides the veins and dikes described, there
are also false veins. These false veins are fissures filled by sand
or clay from above. They are readily distinguished by the sedi-
mentary nature of the material; for all true dikes or veins
are occupied by crystalline rocks or minerals. In a similar
manner earth and organic remains may be washed into caverns
or any open spaces in rocks, and so make, in the very body
of an old record, a false entry. Such a conjunction of com-
paratively modern fossils with more ancient may lead to error,
unless the facts are carefully studied and the true explanation
ascertained.
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In the language of miners,—

A lode is a vein containing ore.

The hanging wall of a vein is the upper wall when the vein has an oblique
dip ; and the opposite is the foot-wall.

The fluccan is the half-decomposed rock adjoining a vein; and a thin, clayey
layer along either side of a vein is called the selvage.

A horse is a body of rock, like the wall-rock, occurring in the course of a
vein.

A comb is one of the layers in a banded vein,—so called especially when its
surface is more or less set with crystals.



PART IIL

HISTORICAL GEOLOGY.

GENERAL DIVISIONS IN THE HISTORY.

1. Nature of subdivisions in history.—The methods of ascer-
taining the true succession or chronological order of the rocks
have been explained in 23 122-125, and in connection (4120) a
brief mention is made of the grander divisions of the series. Some
further explanations are necessary as introductory to the survey
of geological history.

What are subdivisions in history >—Many persons, in their study of
geology, expect to find strongly-drawn lines between the ages, or
the corresponding subdivisions of the rocks. But geological his-
tory is like human history in this respect. Time is one in its
course, and all progress one in plan.

Some grand strokes there may be,—as in human history there is
a beginning in man’s creation, and a new starting-point in the
advent of Christ. But all attempts to divide the course of progress
in man’s histprical development into ages with bold confines are
fruitless. We may trace out the culminant phases of different
periods in that progress, and call each culmination the centre
of a separate period. But the germ of the period was long work-
ing onward in preceding time, before it finally came to its full
development and stood forth as the characteristic of a new era of
progress. It is the same with the development or history of an
individual being. There are distinct epochs and periods in the
history which all recognize,—the period of the embryo, of the youth,
of the adult. But no one thinks of marking the hour or day
when one ends and another begins, or of pointing to a visible
physical line that at any given moment was passed. It is all one
progress, while successive phases stand forth in that progress.

In geological history, the earliest events were simply physical.

125
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While the inorganic history was still going on (although finished
in its more fundamental ideas), there was, finally, the intro-
duction of life,—a new and great step of progress. That life,
beginning with the lower grades of species, was expanded and ele-
vated through the creations of new types, until the history closed
in the appearance of Man. In this organic history there are suc-
cessive phases of progress, or a series of culminations, with the
creation of Man and Mind as the last and loftiest of these culmi-
nations. As the tribes, in geological order, pass like panoramic
scenes before us, the reality of one age after another becomes
strongly apparent. The age of Mammals, the age of Reptiles, and
the age of Coal-Plants come out to view like mountains in the
prospect,—although if the mind should attempt to define precisely
where the slopes of the mountain end as they pass into the plain
around, it might be greatly embarrassed. It is not in the nature
of history to be divided off by visible embankments; and it is a
test of the true philosopher to see and appreciate the culmina-
tions of phases in time, or of the successive ideas in the system
of progress, amid the multitude of events and indefinite blendings
that bewilder other minds.

‘We note here the following important principles :—

First. The reality of an age in history is marked by the culmina-
tion of some new idea in the system of progress.

Secondly. The beginning of an age will be in the midst of a pre-
ceding age ; and the marks of the future coming out to view are to
be regarded as prophetic of that future.

Thirdly. The end of an age may be as ill defined as its beginning,
although its culminant point may stand out boldly to view.

Thus, the age of Coal-Plants was preceded by the occurrence of
related plants far back in the Devonian. The age of Mammals
was foreshadowed by the appearance of mammals long before, in
the course of the Reptilian age. And the age of Reptiles was pro-
phesied in types that lived in the earlier Carboniferous age. Such
is the system in all history. Nature has no sympathy with the art
which runs up walls to divide off her open fields.

But the question may arise, whether a geological age is not, after
all, strongly marked off in the rocks. Rocks are but the moving
sands or the accumulations of dead relics of the age they represent,
and are local phenomena, as already explained. Each continent
has its special history as regards rock-making; and it is only
through the fossils in the rocks that the special histories are com-
bined into a general system. Movements have in all ages disturbed
one hemisphere without affecting the other, causing breaks in the
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succession of rocks in one continent or part of a continent that
have no representatives in another.

When an age can be proved, through careful study, to have been
closed by a catastrophe or a transition which was universal in its
effects, the event is accepted as a grand and striking one in geo-
logical history. But the proof should be obtained before the uni-
versality is assumed. Hence the conclusion,—

Fourthly. The grander subdivisions or ages in geological history,
based on organic progress, should be laid down independently of the
rocks. They are universal ideas for the globe. The rocks are to be
divided off as nearly as practicable in accordance with them.

Each continent, under these ages, then becomes a special study ;
and its history has its periods and epochs which may or may not
correspond in their limits with those of the other continents. Every
transition in the strata, as from® limestone to sandstone, clay-beds,
or conglomerate, or from either one to the other, and especially
where there is also a striking change in the organic remains, indi-
cates a transition in the era from one set of circumstances to an-
other,—it may be a change from one level to another in the conti-
nents, a submergence or emergence, or some other kind of catas-
trophe. All such transitions mark great events in the history of
the continent, and thus divide the era into periods, and periods
into epochs, and epochs, it may be, into sub-epochs. Hence,—

Fifthly. Through the ages each continent had its special history ;
and the periods and epochs in that history are indicated by changes
or transitions in the rock-formations and their fossils.

It is greatly to the assistance of research that some of the revolu-
tions of the globe have probably been nearly or quite universal.
The one preceding the Mammalian age appears to be an example;
although, even with regard to this,further investigation is required
before its actual universality can be regarded as established. But
the periods and epochs of America and Europe are not in general
the same in their limits. A near cotemporaneity in rocks may be
proved, but not in the transitions from one rock to another. For
example, the Devonian age has a very different series of periods
and epochs in North America from what it has in Europe, and there
is even considerable diversity between the epochs of New York and
the Atlantic slope, and those of the Mississippi valley. The Car-
boniferous, Reptilian, and Mammalian ages also have their American
epochs and their European, differing from one another; and the dif-
ferences between the continents increase as we come down to more
modern times. There are Tertiary and Cretaceous rocks in America
as well as Europe, but there is little reason for the assumption that
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the transitions from one set of Tertiary or Cretaceous strata to
another were, in the two, cotemporaneous. The point should be
proved, not assumed. We add, therefore,—

Sizthly. It is an important object in geology to ascertain as nearly
as possible the parallelism between the periods and epochs marked
off on each continent, and study out the precise equivalents of the
rocks, each for each, that all the special histories may read as parts
of one general history, and thus contribute to the perfection of one
geological system.

Progress of life as the basis of the subdivision into geo-
logical ages.—The general principles in the progress of life upon
which the ages are based are shown in the annexed table.*

Fig. 133.
ANIMALS. PLANTS.

Age of Man. >

[
)
M

Age of Mammals.

ey
D)

Age of Reptiles.

Carboniferous Age. |

Age of Fishes, or
Devonian.

Age of Mollusks,}
or Silurian.

Azoic.

The horizontal bands represent the ages, in succession ; the ver-
tical correspond to different groups of animals and plants.

The Radiates begin with the Lower Silurian, and continue till
now, rather increasing throughout the ages.

The Mollusks have their beginning at the same time, and continue
increasing to the age of Reptiles; they then pass their maximum
(as indicated in the figure) and decline.

* The system of ages is essentially the same with that proposed by Professor
Agassiz,—the only difference consisting in calling the Silurian the age of Mol-
lusks, instead of considering both the Silurian and Devonian the age of Fishes.
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The Articulates, as the table shows, commence in the Silurian
(as Crustaceans and Worms), and continue expanding in numbers
and grade to the present time.

Fishes begin in the Silurian, are very abundant in the Devonian,
and continue on, becoming increasingly diversified to the last, with-
out much rise in grade.

Reptiles begin in the top of the Devonian, and reach their maxi-
mum in the Reptilian age.

Mammals begin in the Reptilian age, and have their maximum in
the Mammalian age.

As to Plants, Sea-weeds (or Alyez) are the earliest of the globe, pro-
bably preceding animal life. The Acrogens begin in the Devonian,
or earlier, and have their greatest expansion in the age of Coal-
Plants, where they occur with abundant Conifers. Cycads begin
in the Carboniferous, and have their greatest expansion in the Rep-
tilian age. Dicotyledons begin in the closing period of the Reptilian
age, and expand, along with Palms, through the age of Mammals.

The Silurian is eminently the age of Mollusks; for this is the
highest branch of the animal kingdom which is represented at that
time in all its grand subdivisions. Brachiopods, Conchifers, Gas-
teropods, Pteropods, Cephalopods, begin in the Lower Silurian, and
the Molluscan type is thus unfolded at the outset, while the Articu-
lates are represented by only the inferior marine divisions, and the
Radiates, besides being an inferior type, are present only in the
lower tribes of its three classes. The age is eminently, therefore,
the age of Mollusks. Any fishes discovered in the Silurian would
foreshadow, in the manner explained, the age of Fishes, as the
Reptiles of the Carboniferous age foreshadowed the Reptilian age,
and the Mammals of the age of Reptiles the Mammalian age.

In the Devonian age, the Fishes, the lowest of Vertebrates, are
the dominant type. The Reptilian age is still more eminently an
age of Reptiles, and the Mammalian age an age of Mammals, as is
shown beyond in the survey of these ages.

On botanical data, the ages would be—first, the age of Sea-weeds,
covering the ages of Mollusks and Fishes; sccond, the age of Coal-
Plants or Acrogens, or the Carboniferous age ; third, the age of Cycads,
corresponding to the age of Reptiles; and, fourth, the age of Palms
and Dicotyledons, corresponding to the Mammalian age. The only
addition to the preceding divisions based on the animal tribes
which is thence suggested by the vegetable kingdom is the Carboni-
Jerous. In the zoological series this might be called the age of Am-
phibians, as it is characterized prominently by the amphibian division

of Reptiles.
10
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The ages recognized are, then, Age of Mollusks, or Silurian; Age
of Fishes, or Devonian; Carboniferous Age; Age of Reptiles; Age of Mam-
mals; Age of Man.

Preceding these, there is the Azoic era,—the name being derived
from the Greek e and (wn, lfe, and signifying the absence of life.
The Azoic rocks are mostly crystalline.

The Silurian, Devonian, and Carboniferous ages naturally stand
somewhat apart from the following in the peculiar ancient forms of
the great portion of their living tribes, and to the whole collectively
the term PaLzozoIc era is appropriately applied,—the word “ pal@o-
zoic” being from the Greek malacoc, ancient, and Jwov. The following
age, or age of Reptiles, is correspondingly termed the MEesozoic, from
peoog, middle, and (wov, it being the medieval era in geological history,
The Mammalian age is termed the CENozoic, from xawog, recent, and
¢wov. (The words Eocene, Miocene, etc., subdivisions of the age, are
in part from the same root.)

The subdivisions of geological time are, then,—

I. Azoic TimE or AGE.
I1. PaLzozoic TiuE.
1. The Age of Mollusks, or Silurian.
2. The Age of Fishes, or Devonian.
3. The Age of Coal-Plants, or Carboniferous.
III. Mesozoic TiME.
4. The Age of Reptiles. .
IV. Cenozoic TiME.
5. The Age of Mammals.
V. Era or Minp.
6. The Age of Man.

Subdivisions into Periods and Epochs.—The subdivisions under the ages,
the periods and epochs, vary, as has been said, in different countries.
The following table (fig. 134) presents a general view of those of
eastern North America, as far as the Paleeozoic is concerned,—the
Silurian, Devonian, and Carboniferous being well represented on the
North American continent. The rest of the series is from European
geology, in which the later ages are far better represented than in
America. In this manual, American geology is in general first con-
sidered, and afterwards such further illustrations are drawn from
other continents as are necessary for comprehensive views and
generalizations. Where America is deficient in its records, the
European are taken-as the standard.

The names of the periods and epochs for the Paleozoic of Ame-
rica are the same that have been applied to the rocks by the New

York geologists.



SUBDIVISIONS IN THE

Periods.

Fig. 134,

CARDONIFEROUS AGE.
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Epochs.

Permian.

Upper Coal Measures.

Lower Coal Measures.

Millstone Grit.
Upper.

Lower.

Chemung.
Portage.
Genesee.
Hamilton.

Marcellus.

Upper Helderberg.
Schoharie.
Cauda-Galli.
Oriskany.

Lower Helderberg.

Saliferous.
Leclaire.
Niagara.

Clinton.
Medina.

Oneida.
Hudson River.
Utica.

( Trenton.

‘[ Black River.
Birdseye.
Chazy.
Calciferous.
Potsdam.

Azoic.
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Fig. 134 (continued).

Periods. Epochs and Sub-Epochs.
AGE oF MAN,
Post-tertiary. Pleistocene, or Post-tertiary.
“ o /|
g 3 Pliocene.
7z .
E Miocene.
£ | Tertiary.
<
= Eocene.
% Upper or White
Z Upper Cretaceous. Chalk.
% Lower or Gray.
E
5] Middle Cretaceous (Upper Green-Sand).
Lower Cretaceous (Lower Green-Sand).
Wealden E. [&= Wealden.
. | N Purbeck, Portland, and
;:“,’ Upper Oolite. Kimméridge Clas"
7 ¢ | Oolitic =Y s Coral-rag.
.:3 2 Epoch, : Middle Oolite. Oxford Clay.
EIE . : Stonesfield.
E =S Lower Oolite. { Ty forior Oolite.
7 Upper Lias.
. ——
Liassic ! Marlstone.
Epoch. .
Lower Lias.
Keuper.
L
7}
2 Muschelkalk.
Bunter-sandstein.

In the figures and maps introduced beyond, the numbers are used
as in the above tables: 1 standing for the Azoic; 2 for the rocks of
the Potsdam period, 2 a for the Potsdam epoch, 2 & for the Calci-
ferous sand-rock; 3 for rocks of the Trenton period, 3 a, 3 b, for the
epochs of this period; and so on.

The following map of the United States east of the Rocky Moun-
tains exhibits the geographical distribution of the rocks of the several
ages,—that is, the regions over which they are severally the surface-
rocks.

The Silurian is distinguished by heavy horizontal lining; and the
dotted line over the Silurian area divides the Upper Silurian (u)
from the Lower Silurian (/).
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The Devonian, by heavy vertical lines.

The Carboniferous, by light cross-lines on a black ground, or by a black
surface, or by dots on a black ground (the first the Sub-carboniferous,
the second the Coal formation, the third the Permian).

The Reptilian, including the Triassic, Jurassic, and Cretaceous, by
lines sloping from the right to the left (), the Cretaceous being
distinguished by having the lines broken.

The Tertiary, by lines sloping from the left to the right ( \ ).

The A-zoic, by irregular line-dottings.

The surface without markings is occupied by rocks of undeter-
mined age, that on the east mostly crystalline.

I. AZOIC TIME OR AGE.

Reality of the Age.—The Azoic age is the age in the earth’s his-
tory preceding the appearance of animal life. The fact of the
existence of the globe at one time in a state of universal fusion
is placed beyond reasonable doubt. And whatever events occurred
upon the globe from the era of the elevated temperature necessary
to fusion, down to the time when the climate and waters had become
fitted for animal life, are events in the Azoic age. The age must,
therefore, stand as the first in geological history, whether science can
point out unquestionably the rocks of that age or not.

The fossils of true Palzeozoic and Mesozoic rocks have often been obliterated
by the crystallization of these rocks; and, as the oldest rocks of the globe are
nearly all crystallized, the question may always arise with respect to any par-
ticular one of them, whether it may not once have been filled with fossils. After
having reached what was thought to be the lowest fossiliferous beds in Great
Britain, fossils have been found in others inferior, carrying the Silurian down
to a still lower level by transferring to it what had been regarded as Azoic.
Such changes are part of the progress of the science, and cause little inconve-
nience to the system, provided the order of succession be rightly given.

Stratigraphical limits in North America.—The Azoic rocks in
North America* at present include all that are older than the Pots-
dam sandstone of New York,—the first of the Silurian. ' This sand-
stone is spread out in nearly horizontal layers, conformable with the
overlying Silurian beds, but rests on crystalline rocks, which. are
upturned at all angles and folded or crumpled on a scale of great

# The Azoic system of North America was first distinctly recognized in its
true importance in the Report of Foster & Whitney on the Lake Superior
region. The rocks inferior to the Silurian have been called by Murchison the
Bottom rocks. They are part of the primary of the old geologists.
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extent. These beds, thus crystallized and flexed or disturbed before
the Potsdam sands were deposited, are the Azoic. The following
sections illustrate this point. In each, the Azoic, numbered 1, in its
usual disturbed condition, is overlaid nearly horizontally by the
Silurian beds, 2 a being the Potsdam sandstone, 2 b the Calciferous
sandrock, 3 the Trenton limestones, 4 « the Utica shale.

Fig. 136. Fig. 137.

Fig. 136, by Emmons, from Essex co., N.Y.; 1is hypersthenc rock, or hyperite.—Fig. 137,
by Owen, from Black River, south of Lake Superior; 1is a granitic rock, 1a, chloritic and
ferruginous slates.—Fig. 138, by Logan, from the south side of the St. Lawrence in Canada,
between Cascade Point and St. Louis Rapids; 1, gneiss.

Geographical distribution.—The Azoic rocks constitute the only
universal formation. They cover the whole globe, and were the
floor of the oceans and the rocks of all emerged land when animal
life was first created. But subsequent operations over the sphere
have buried the larger part of the ancient surface, and to a great
extent worn away and worked up anew its material; so that the
area of the old floor now exposed to view is small.

The areas of the earth’s crust over which the Azoic rocks are now
exposed are either,—

1. Those which have always remained uncovered.

2. Those which have been covered by later strata, but from
which these superimposed beds have been simply washed away,
without much disturbance.

3. Those once covered, like the last, but which, in the course
of the upturnings of mountain-making, have been thrust upward
among the displaced strata, and in this way have been brought out
to the light.

In cases like those of figures 136, 137, in which the Silurian
rocks are spread in nearly horizontal layers over the borders of
an area made up of tilted Azoic rocks, the Azoic area either has
been always uncovered, or has become so from denudation; but
in mountain-regions where the Silurian rocks have been folded
up in the mountain-making, the Azoic below may have been brought



136 AZOIC AGE.

up to view in the same process. Moreover, the Azoic, if it had not
undergone flexures before the Silurian beds were laid down, would
partake of the Silurian flexures, or, in other words, be conformable
to the Silurian strata. But if it had been flexed or tilted in some
previous period of disturbance, then the Azoic would be unconform-
able to the Silurian, although both were finally upthrown together
in the making of the mountains.

In the study of Azoic regions these points require special investi-
gation.

The Azoic areas of North America of the first kind (and partially,
it may be, of the second) are shown, as far as now ascertained, on the
accompanying map of the Azoic continent. The Azoic lands on this

Fig. 139.

Azoic Map of North America.

chart are represented as the dry land of the era, while the rest of
the continent is submerged. They are concluded to have been thus
dry, because no marine beds cover them, while, on either border,
marine beds (Silurian and later) commence and spread widely over
the most of the continent. The outline of the continent and of the
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great lakes enables the reader to perceive the relative positions of
these Azoic lands. There may have been other areas along the
Appalachians, and over the Rocky Mountain region, which future
study will bring to light.

The Azoic regions laid down are—

1. Canada north of the St. Lawrence, reaching northeast from
Lakes Huron and Superior to Labrador (CC), and the continuation
northwest (B B) to the Arctic Ocean.

2. An isolated area in northern New York,—a peninsular pro-
longation, it may be considered, of the Canada region,—covering for
the most part Essex, Clinton, Franklin, St. Lawrence, Hamilton,
and Warren cos., and part of Saratoga, Fulton, Herkimer, Lewis,
and Jefferson cos.

3. A similar area south of Lake Superior (S).

4. West of the Mississippi, a small area in Missouri, in which the
famous Iron Mountains are situated; the Black Iills in Dakota,
and the Laramie Range in Nebraska, as recently observed by Dr.
Hayden ; part of the Ozark Mountains in Arkansas.

In northern New Jersey there arc Azoic gneiss, limestone, and other erystalline
rocks containing great beds of the ore called Franklinite, analogous to the iron-
ore beds of northern New York: the lowest Silurian beds cover them un-
conformably. Professors Rogers have described the occurrence of Azoic rocks
in the Appalachians; but, although probably occurring in the range, the evi-
dence is not yet conclusive that the rocks so designated antedate the Silurian.
Professor Safford mentions rocks of the Azoic age in eastern Tennessee,—a
part of the same mountains; but they are stated to be conformadle, as far as yet
investigated, to the Silurian.

The map of New York and Canada in the chapter on the Silu-
rian shows more precisely the form of the New York Azoic and
that north of the St. Lawrence. It represents also the Silurian
and Devonian strata of the State as they become successively the
surface-rocks on going from the Azoic southward. Adjoining the
Azoic (numbered 1) is the earliest Silurian, No. 2, which outcrops
where it is represented, but is supposed to underlie the strata num-
bered 3, 4, 5, etc. So No. 3 is the next formation which outerops,
while it probably underlies all the beds 4, 5, etc. The Azoic is thus
the basement, and each successive stratum was a new deposit over
it in the seas that bordered at the time the Azoic dry land.

In Europe the Azoic system has been distinctly recognized in
Norway and Sweden and in Bohemia underlying the Silurian
unconformably. The great iron-regions of Sweden are probably
of this age. In geological maps of other parts of the world
(and those of Europe and America are not always excepted) it is
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common to color the regions covered by crystalline rocks all alike,
without reference to their differences of age. Thus the metamor-
phic rocks of various ages are confounded, as they are also in the
unfortunate name they sometimes bear, of hypogene rocks.

Kinds of rocks.—The rocks are mostly of the metamorphic
series, related to granite, gneiss, syenite, and the like. But they
embrace only the most ancient of these rocks; for the granites
and schists of New England, of Cornwall, the Alps, and many
other regions, belong to later ages.

Besides true granite and gneiss, there are diorite,—a rock consisting
of feldspar (albite) and hornblende without quartz (484); also
extensive ranges of coarse granite-like rocks of grayish and
reddish-brown colors, composed mainly of crystallized labradorite
or a related feldspar (3 55), or of this feldspar with the addition
of the brownish-black and bronzy foliated mineral hypersthene
(265), and constituting the rock called hyperite ; also chlorite schist,
while mica schist appears to be absent; also serpentine, limestone
(or statuary marble), granular quartz (a hard sandstone), and in
some places a hard conglomerate ; also magnetic and specular iron-ore in
immense beds.

There are, in addition, porphyry of green, brown, and reddish colors; a
garnet-euphotide (eclogite) and a feldspar-euphotide (3 85); soapstone (Rens-
selaerite) (9 86, [4]); parophite rock and schist (33 67, 87); pyroxene rocks;
ophiolites or verd-antique marble of different varieties (3 86, [8]).

Part of the feldspar related to labradorite has the composition of andesine
or vosgite; and oligoclase exists in the Swedish Azoic. The Labrador rock
turns gray on weathering. Part of the hyperite contains ordinary hornblende
instead of hypersthene, and some kinds miea or epidote. The hypersthene is in
foliated pieces or crystals often a little bronze-like in lustre. Good localities for
the opalescent labradorite are the streams of the Adirondack,—especially, says
Professor Emmons, the beaches of East River; also Avalanche Lake, near the
foot of the great slide from Mount McMartin.

The potstone or soapstone called Rensselaerite covers considerable areas in
the towns of Fowler, Canton, Edwards, Hermon, etc., St. Lawrence co., and
at Grenville, in Canada, and is cut into slabs for tables, chimney-pieces, fur-
nace-linings, or made into inkstands. The parophite or aluminous potstone
of Diana, Lewis co., N.Y. (2 87), is also used for inkstands, etec.

Beautiful red and green porphyry and a buhrstone are found at Grenville,
Canada.

As crystalline rocks have been formed in various ages,—those
of New England, for example, long after those of the Azoic,—it is
possible that some Azoic rocks have undergone a second or third
alteration subsequent to the original one in the Azoic age. It may
be difficult, in fact, to say which of the rocks retain their original
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composition. There is, however, no reason to suspect any funda-
mental changes in the granitic or hornblendic rocks or schists.
But the potstones, both magnesian and aluminous, are probably
of later origin. The Rensselaerite has been observed under the
crystalline form of pyroxene, showing that in part, at least, it has
been made out of pyroxene; and the aluminous species exists
under the crystalline form of nepheline, giving unequivocal proof
that it has been made out of pre-existing nepheline crystals, like
the gieseckite of Greenland, which it resembles in aspect and com-
position. The rocks are probably, therefore, the result of the altera-
tion of different minerals or rocks after the first Azoic crystalli-
zation. If this be true, they may not be actually Azoic rocks: they
may belong to the same age with the metamorphic rocks of New
Ingland, or to some other period. By one interested in bringing
the events of geological history into their true chronological rela-
tions,—the real end in geological studies,—this will be regarded as
an important question.

Other evidences of alteration since the original crystallization in
northern New York have been observed,—such as the rounded
quartz crystals of Gouverneur, and the soft spinels of St. Lawrence
co., called houghite. Even the serpentine of the same region may
come into this category.

Minerals of the Azoicrocks.—Besides the constituent minerals mentioned,—viz.,
quartz, feldspar of different species, hornblende, pyroxene, epidote, mica, tale,
garnet,—there are also the following common species: tourmaline, scapolite,
wollastonite, sphene, rutile, graphite, the mica called phlogopite ( 56), apatite,
chondrodite, spinel, zircon, corundum,—ecach of which occurs at times in the
crystalline limestone or its vicinity. Mica is found in Grenville, Canada, in
plates between one and two feet square. In addition to these, there are a
number of rare ores of yttrium, cerium, and columbium among the Swedish
Azoie rocks.

No gold has thus far been found in the Azoic. Andalusite, kyanite, and
staurotide are also among the common minerals of crystalline schists not
detected in the Azoic.

Characteristics of the Azoic rocks.—1. The Azoic rocks are
nearly all crystalline rocks. A few sandstones, slates, and conglo-
merates are the only exceptions; and these are excessively hard
rocks.

2. The crystalline rocks are remarkable for the small amount
of silica they contain (a fact noticed by T. S. Hunt). This is
seen in the absence of quartz from many of the rocks (the diorite,
Labrador rock, hyperite), and the abundance of feldspars, like
labradorite, that have a low proportion of silica.
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3. The prevalence of iron is another characteristic (remarked by
J. D. Whitney). This is seen in the abundance of the minerals
(silicates) containing iron, as hornblende, hypersthene, chlorite,
garnet; also the reddish color of much of the feldspar; also the
beds of iron-ore, which exceed in extent those of any other age.

4. There are none of the simple silicates of alumina.

Arrangement of the rocks.—Although the Azoic rocks are
mostly crystalline, they follow one another in various alternations,
like the sedimentary beds of later date. In the sections which have
been given, there are alternations of granite, gneiss, schists, lime-
stone, etc.; and the dip and strike may be studied in the same
manner as in the case of any tilted sandstones or shales. The
following sections represent other examples; and in them there are
beds of iron-ore, one hundred feet and upwards in thickness, which
are banded with siliceous layers and chloritic schist, showing
thereby a distinctly stratified character. Where most flexed or
folded, there is still a distinction of layers; and it is owing to this
fact that the rocks may be described as folded; for folds can be
identified only where the rocks are in sheets. This grand fact is,
then, evident,—that the Azoic rocks are in layers, as much as the
rocks of any later age.

The following scction by Logan (real in its general truths, although partly
ideal) exhibits well this fact. It presents to view a stratum of (@) white

granular or erystalline limestone, many times folded, and interstratified with
gneiss and quartz rock (b); and over the same region (Grenville and adjacent
country, Canada) the limestone has been traced in linear and curving bands
corresponding to a series of folds.

The following sections contain iron-ore beds among the alternations. In

Fig. 141. TFig. 142.

fig. 141 (from the Michigan region, Foster & Whitney) the iron-ore, in extensive
beds (4, 7), occurs between chloritic schist (a, @) and diorite (b); and the iron-
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ore in ¢ is banded with jasper. In figs. 142 and 143 (Essex co., N.Y,,
Emmons) the iron-ore, in beds several yards wide, is associated with gneiss
and quartz rock, and is interlaminated with
quartz, the whole dipping together in a
common direction, like beds of sandstone,
shale, and iron-ore in many regions of sedi-
mentary rocks.

In fig. 144 (Penokie Range, south of Lake
Superior, C. Whittlesey) A is hornblende rock
and slaty quartz; g, quartzite, 30 feet thick;
7, a bed of iron-ore, 25 to 50 feet thick.

In another section, by C. Whittlesey (described in Foster & Whitney’s Report),
taken at the falls of the Menomonee, there are alternations of gneiss, horn-
blende, and quartz rock with talcose and chloritic schists, quartzite, and granu-
lar limestone, and between the limestone layers there is a layer of iron-ore,—
showing again that the iron-ore is in beds conformable with the schists. The
beds, however, may not have great lateral extent; for the iron may be local in
bands, or imbedded in other kinds of rocks.

In the Missouri region, at Pilot Knob, the ore-strata (says J. D. Whitney)
consist of a series of quartzose beds of great thickness, passing gradually into
specular iron, which frequently forms bands of nearly pure ore, alternating
with bands of quartz more or less mixed with the iron. The ore, moreover,
is often thin-laminated.

At the Adirondack mines, in Essex co., N.Y., one bed, according to Emmons,
is 150 feet thick, and another exceeds 700 feet. In the Michigan region they
are on the same great scale. In Missouri, one of the “iron mountains”’—the
Pilot Knob—is 581 feet high, and the other 228 feet; and huge displaced
masses, some ten and twenty tons’ weight, lie over the surface. The iron-ore in
each of these regions is partly magnetic and partly specular ore, or hematite,—
that of Lake Superior and Missouri mostly the latter, and that of New York
mainly the former.

In Canada, at Bay St. Paul’s, there is a bed of titanic iron 90 feet wide,

exposed for 200 or 300 feet, occurring in syenite with rutile or oxyd of tita-
nium. The ore does not differ from ordinary specular iron in appearance, but
the powder is not red. In Sweden and Norway the iron-ores are interstrati-
fied in the same manner with crystalline rocks,—mainly gneiss, hornblende
rocks, talcose and chloritic schists, argillaceous schists, quartzite, and granular
limestone, with which they are more or less laminated. At Dannemora, the
stratum containing iron is 600 feet in width; and it occurs with granular
.limestone, talcose and chloritic schists, and gneiss. At Uts, Sweden, red,
Jjaspery quartz bands the ore, in the same way as in Michigan; the ore—the
specular mixed with the magnetic—occurs in mica schist and quartzite, in an
irregularly-shaped mass, about 120 feet in its widest part. At Gellivara there
is an iron mountain three or four miles long and one and a half wide, consist-
ing mostly of magnetic iron-ore, with some specular ore. In each of these
regions the beds dip with the enclosing rock,—showing that all have had a
common history.

In. the annexed sections (St. Lawrence co., N.Y., Emmons), granular lime-
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stone is represented in connection with granite and other rocks. In fig. 145,
! is limestone, without any appearance of stratification; and the containing
rock is granite. In fig. 146, a a are gneiss, b steatite, { unstratified limestone.

Fig. 145. Fig. 146.

Although @ and b are not evenly stratified, yet they are sufficiently so to show
that the limestone, while it has lost its division into layers in the crystallizing
process, is probably a conformable stratum.

The order of stratification among the Azoic rocks is as various as
among the rocks of other ages. As sandstones, shales, argilla-
ceous sandstones, conglomerates, follow one another in any succes-
sion, so granite or gneiss may lie between layers of slate or schist,
and quartz rock may have any place in the series. It is common,
however, to find the different hornblendic rocks associated toge-
ther; and both these and the chloritic often abound in the iron-
regions, since hornblende and chlorite are ferriferous minerals.
Again, chloritic schists are apt to accompany serpentine; since
chlorite is a hydrous magnesian species.

‘Again, as we recede from a granite region we sometimes find the
rocks less and less perfectly crystalline, passing from the granite
to the gneissoid, from these to the schistose, and last to those least
crystalline and containing water, as talcose and chloritic schist
and serpentine. But there are numberless exceptions to such an
order.

The Azoic rocks of Canada are divided by Logan into the Laurentian,—
including the great part of the system, and embracing all the regions to which
we have above particularly alluded,—and the Huronian, comprising a narrow
band on the borders of Lake Superior and Lake Huron. The Huronian are
thus separated because they have been found to rest unconformably upon the
Laurentian. They consist of siliceous slates, schists, quartzite, conglomerates,
and limestones. The conglomerates contain pebbles and boulders (some a foot
in diameter), which are derived in part from gneiss or syenite of the subjacent
Azoic, and thus show their later origin. Others contain pebbles of jasper and
quartz very firmly cemented. The sandstones are described also as bearing
ripple-marks. These rocks occur on Lake Temiscaming and on the north shore
of Lake Huron. No similar rocks have been observed to the eastward of these
districts, over all Canada to Labrador; and if ever there, they have been re-
moved by denudation. The Huronian rocks are intersected by numerous dikes
of trap, and interstratified and overlaid by the same rock. The total thickness
of the formation, according to Logan, is over twelve thousand feet. The iron-
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ore region of Marquette, in Michigan, has been referred. to the Huronian.
Should these Huronian rocks be found hereafter to contain any fossils, they
" would form the first member of the Silurian.
According to Hunt, no talcose or chloritic schists occur among the Lauren-
tian rocks.

Original condition of the Azoic beds.—The alternations of argil-
laceous, chloritic, and other schists with quartzites, limestone,
gneiss, and the other Azoic rocks, prove that all were once sedi-
mentary beds,—beds formed by the action of moving water, like
the sandstones, argillaceous beds, and limestones of later times.
They have no resemblance to lavas or igneous ejections. The
schists graduate into true slates, and the quartzites into unmistak-
able sandstones and conglomerates; so that there is direct proof in
the gradations as well as the arrangement in alternating layers
that all the schistose and siliceous rocks are parts of one series
of sedimentary beds which by some process have been hardened
and crystallized. Moreover, from the gneiss there is as direct a
passage to the gneissoid granite, and thence to true granite and
syenite ; so that even the most highly crystalline rocks cannot, as
a general thing, if at all, be separated from this series. These
Azoic rocks, therefore, are made out of the ruins of older Azoic,—
that is, of the sands, clays, and stones gathered and deposited by
the ocean as it washed over the earliest-formed crust of the globe.
Whenever the ocean took its place upon the cooling globe, the
conflict began, and sedimentary beds were the result; and the
original crust is now so disguised amid these later crystallized depo-
sits, which are here called Azoic, or is so buried beneath them, that
geology can hardly expect to identify any portion of it. The loose
material transported by the currents and waves was piled into
layers, as subsequently in the Silurian, Devonian, and Carboni-
ferous ages, and vast accumulations were formed; for no one esti-
mates the thickness of the recognized Azoic beds as below fifteen
or twenty thousand feet. Limestone strata occurred among the
alternations; and argillaceous iron-ores, like the beds of the Coal
measures, though vastly more extensive, were a part of the forma-
tions in the deposits.

The beds, moreover, were spread out horizontally, or nearly so;
for this is the usual condition with sediments and limestones when
first accumulated. The original condition, then, of the Azoic rocks
was the same as that of ordinary sediments,—in horizontal beds
and strata.

Disturbances and Foldings.—But, from the sections and de-
scriptions on the preceding pages, it is apparent that horizontal
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Azoic rocks are now exceedingly uncommon. The whole series
has been upturned and flexed, broken and displaced, until little,
if any, of it remains as it was when accumulated.

This upturning, moreover, is not confined to small areas, nor has
it been done in patchwork-style; for regions of vast extent have
undergone in common a profound heaving and displacement.
This community of action or history is evident in the fact that the
rocks have nearly a common strike (3 113) over wide regions,—the
strike being at right angles, or nearly so, to the action of the force
causing the uplift.

The strike in the New York, Canada, Michigan, and Lake Superior Azoic
is generally from the northeastward to the southwestward, or nearly parallel to
the course of the Appalachians and Green Mountains or the line of the present
Atlantic coast.

In the New York region, according to Professor Emmons, the course of the
line of limestone from Johnsburg to Port Henry, on Lake Champlain, is nearly
northeast ; that of another, along by Rossie (between Black Lake and Pitcairn,
and from Theresa nearly to Lisbon and Madrid), north-nortkeast ; another, paral-
lel to this, extends from Antwerp to Fowler and Edwards. These outerops of
limestone follow the line of strike; for the strike of the gneiss is in general
from southwest to northeast, or parallel to the general course of the highlands,
and therefore of the uplifts. The d7p varies from 10° to 90° cither side of the
perpendicular. The iron-ore beds have the same strike; for all together con-
stitute one system.

In Canada, the limestone ranges of the township of Grenville have the course,
according to Logan, between northeast and north-northeast, and mostly the
latter. The strike of the gneiss and schists has the same general course. The
Azoic near Lake Superior appears to have the same mean strike.

This uniformity of direction attests to a uniformity in the direction or action
of the uplifting force, as above remarked. The strike of the Azoic rocks of
Scandinavia is also to the northeastward, with no greater variations than occur
in the American Azoic; and this common course there, whether connected or not
with that on the opposite side of the Atlantic, indicates some vast comprehensive
agency as the origin of the disturbance.

The beds were laid down as sediments over immense continental
areas; and then followed a period of uplift, when the horizontal
layers were pressed into folds and displaced on the grand scale ex-
plained. Many such periods of uplift may have previously occurred.
But it is evident that uplifting and disturbance were not the prevail-
ing condition of Azoic times, any more than they were of latér
ages. This is proved by the conformability of the various Azoic
beds to one another in this system of foldings. An age of com-
parative quiet, allowing of vast accumulations of horizontal strata,
must have preceded the.epochs of revolution.
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Evidences of different epochs of revolution—that is, of uplift—may hereafter be
detected in the Azoic; but thus far no definite progress has been made towards
this end, excepting in the separation of the Huronian proposed by Logan.

Alterations: Solidification and crystallization.—Besides the
universal displacements, there was an almost universal crystalliza-
tion of the old sedimentary beds and limestones; and now, in place
of the sands and clays and earthy limestone layers, the rocks are
crystallized into granite, gneiss, syenite, granular limestone, ete.,
by the solidifying process, and thus have lost almost every trace of
their original sedimentary aspect. The once massive and earthy
limestones now contain in many places crystals of mica, scapolite,
apatite, spinel, etc., in place of their old impurities, and the lime-
stone itself is a white or variegated architectural marble. The
argillaceous iron-ore has become the bright specular and magnetic
ores, and it is banded by, or alternates with, schist and quartz, etc.,
which were once accompanying clay and sand layers.

Granite, syenite, and hyperite, although they present no lines of stratification
or foliation, are embraced among the metamorphic rocks as an actual part of
the series; for the slight difference of structure between them and gneiss is no
evidence of difference of origin. Whatever crystals they contain besides their
own crystalline grains,—as of pyroxene, garnet, sphene, wollastonite, horn-
blende, feldspar,—all were due to the same system of alteration.

The upturning may have brought up also the granites, syenites, and other
rocks of a previous metamorphic period, or some of the nether granitic rocks
belonging to the first-formed crust; but there is no means at present recognized
for distinguishing them; and in many places the distinct alternation of the gra~
nite or syenite with the gneiss and schists proves beyond doubt their cotem-
poraneous origin, at the last great Azoic revolution, out of a common series of
sedimentary strata. That this revolution preceded the Silurian age is known
from the fact that the Silurian beds overlie them unconformably.

It is remarked on a preceding page that some of the Azoic rocks
may have undergone a second or third alteration during the follow-
ing ages, and that the magnesian and aluminous potstones and
part of the serpentine and its associated minerals may be among
these later products. The mind that has any adequate appre-
hension of the remoteness of that Azoic era will not question the
probability of such changes, and is ready to wonder rather that
the evidences of subsequent alterations are not more extensive and
obvious.

Life of the Azoic Age.—The term ‘““azoic,” as here used, implies
absence of life, but not necessarily of the lowest grades.

The reasons in favor of the existence of life of some kind are—

1. The formation of limestone strata in the Azoic age like those

11
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of the Silurian, in connection with the fact that Silurian and later
limestones are known to be mainly made from organic relics.

2. The occurrence of graphite in the limestone and other strata,
—graphite being known to be a common result of the exposure
of mineral coal or charcoal to a high heat, and, in certain rocks
of Rhode Island and Massachusetts, having undoubtedly been made
from vegetable remains.

3. The occurrence of anthracite in small pieces in the iron-
bearing rocks of Arendal, Norway, which rocks are probably Azoic
in age.

Against this organic origin it may be urged that the limestones
and graphite may have been of chemical origin; and in the earlier
age of the globe, when there existed a heat too great for animal
life, the occurrence of such chemical formations is not improbable:
yet the argument still leaves it an open question.

Supposing the existence of life of some kind, it is more likely to
have been vegetable than animal.

1. In the progressing refrigeration of the globe, a temperature
fit for vegetable life would have been reached before that which
animal life could sustain. If there is any exception to this, it is to
be found only among the lowest species of animal life; and there
is as yet no evidence that such exceptions exist.

2. The graphite and anthracite indicate vegetable life, if any
at all.

3. There are among the Azoic rocks, slates, sandstones, quartz-
ites, and conglomerates which are not more altered than some
Silurian rocks containing fossils; and, had Mollusks and Crinoids
existed, shells and Encrinites should be found in the beds. More-
over, the great beds of iron-ore rarely contain a trace of phos-
phates; and this is some indication that there was little or no
animal life.

4. The Silurian formation commences with the same genera and
partly with the same species of animal life in different parts of Eu-
rope and America,—indicating that the actual bottom of the series
of animal life had been reached alike in both countries.

5. Again, in America a period of folding and ecrystallization
appears to have terminated the Azoic age, making a fitting close
to the era of the earth’s primal inorganic History. The latter part
of this long time of revolution (whose centuries may have been
counted by scores) was the epoch of the unfossiliferous Huronian
beds,—since these terminate the Azoic, according to Logan. They
indicate, as far as studied, no existing animal races.

6. It is possible that vegetable life may make strata of lime-
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stone. There are coral-secreting plants as well as animals; and
such plants are called Corallines. There are also microscopic in-
fusorial plants; and those secreting silica—the siliceous infusoria
(Diatoms)—are known in later times to have made extensive beds
of rocks. Limestone beds have been made from the microscopic
Rhizopods ; for chalk is largely due to their growth and accumu-
lation. And these Rhizopods, although animal, are extremely low
in the scale,—little above the spores of sea-weeds: so that, if exist-
ing then, they simply foreshadowed the future animal kingdom.

Whenever the earliest plant, however minute, was created, then
the grand idea of life first had expression, and a new line of pro-
gress in the earth’s history was announced.

Relations of the North American Azoic to the continent.—
The map, fig. 139, cannot be examined without perceiving at once
the following striking facts :—

That the great Azoic area of the continent has (1) its longer leg,
B B, parallel approximately to the Rocky Mountains and Pacific;
and (2) its shorter, C'C; parallel to the Appalachian Range and the
Atlantic; that—

(3) The peninsula of Florida is nearly in the course of the Pacific
branch, B B; and (4) the Missouri and Arkansas Azoic regions (M 4)
are nearly in the course of the Atlantic branch, C'C.

(5.) That the northwest side of Lake Superior and the Azoic of
the Black Hills lie in the same line.

Such are some of the structure-lines of the continent in this its
early or Azoic state. They are features that were never afterwards
effaced : instead of this, they were manifested in every new step
in the progress of the continent.

[From this point the progress of the life of the globe is a pro-
minent part of geological history. A brief review of the system
of life is therefore here introduced, together with some of the
details respecting those of the subdivisions that characterize the
Silurian age.]

1. ANIMAL KINGDOM.

In the Animal Kingdom there are four Sun-Kingpous, based on
four distinct types of structure, each having its system of subdi-
visions of several grades or ranks. These sub-kingdoms are as
follow, beginning with the lowest:—

1. Radiates.—Having a radiate. structure, like a flower or a star,
internally as well as externally. The animals have a mouth and
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stomach for eating and digestion, and hence they are widely
diverse from plants. -

The figs. 147 to 156 represent examples of Radiates: 147, an
Actinia, or Polyp; 148, 149, living corals, the animals of which are
polyps; 150, a Medusa, or Acaleph,—also called Jelly-fish,—showing
well the internal as well as external radiate structure, as the anim<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>